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INTRODUCTION, 


By autolvsis we mean the non-bacterial postmortem. self- 
decomposition of animal or plant tissues. Salkowski (1890) first 
recognized the phenomenon as due to enzymatic action, and called 
it “‘autodigestion.”” The name “autolysis’’ was introduced later 
by Jacobi (1900). The many papers published on autolysis have 
pursued two different lines of investigation, one concerning the 
products of autolysis, the other concerning the action and nature 
of the proteolytic enzymes causing the autolysis. 
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Through the work of authors such as Salkowski, E. Fischer, 
Wroblewski, Kossel, Kutscher, Levene, and others on the prob- 
lem of the products of autolysis, we know that the end-products of 
tissue decomposition are amino-acids and intermediate products, 
albumoses, peptones, and peptides, such as are obtained by the 
action of pepsin, trypsin, and erepsin. But the nature and man- 
ner of action of the different proteolytic enzymes is still a matter 
of discussion, and the question is one of biological importance, 
because it appears probable that these autolytic enzymes are not 
postmortem products, but the very enzymes which act during the 
life of the cells. 

The literature concerning the mode of action of these enzymes 
is a maze of contradictions. The most exhaustively studied fac- 
tor is the influence exerted by acids and bases on ‘autolysis. 
Karly investigators as Schwiening (1894) and Biondi (1896) 
stated that alkalies check and acids facilitate autolysis. Hedin 
and Rowland (1901) demonstrated the presence of proteases in the 
press Juices of animal tissues, obtained by the Buchner method, 
and state that alkaline reaction depresses autolysis, and that 
acids in weak concentrations facilitate it, the rate of autolysis 
being greatest in the presence of 0.25 per cent acetic acid. Hedin 
(1906) especially called attention to what he termed ‘‘ a-protease,”’ 
a proteolytic enzyme acting in alkaline solution and distinctly 
different from ‘8-protease,”’ which acts only in acid reaction. 
Hedin also made the interesting observation, that if a tissue such 
as liver or spleen is pre-treated with dilute acids and then trans- 
ferred into alkaline solution, the rate of autolysis in alkaline 
medium is much greater than if the tissue is jmmersed in the 
alkaline solution without preliminary acid treatment. In order 
to explain this phenomenon he assumes the existence of ‘‘anti- 
proteases,’ which inhibit only the a-protease, and are readily 
destroved in acid solution. 

A similar theory for the autolysis of yeast is proposed by 
Buchner and Hahn (1909, 1910) who assume that there are 
‘“antiproteases, probably of lipoid character,’’? which protect the 
proteins from being destroyed by the proteolytic enzymes. Sat- 
isfactory proof of the existence of such antienzymes, seems, how- 
ever, to be lacking. 
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Other authors besides Hedin have studied the antiproteolytic 
actions of serum and different tissues; e.g., Weinland (1903), 
Landsteiner (1900), and Opie (1905, 1906). Attention may 
also be called to the work of Levene and Stookey (1903) in this 
respect. Levene (1905) has given an exhaustive review of all 
data concerning autolysis, known up to that date. As has been 
said, most authors have found that alkalies inhibit autolysis, 
but there are others such as Baer and Loeb (1905) who. state 
that considerable autolysis occurs in alkaline medium. Opie (1995, 
1906) and later Dochez (1910) have published a series of papers 
concerning autolysis of various organs. Dochez contributes valu- 
able data on liver autolysis, confirming the observation of 
Hedin and others, and gives a good historical review of the field. 

More recently some American authors, especially Bradley (1915, 
1916) and collaborators and Morse (1917) have published papers 
on autolysis, and on the influence thereon of the reaction of the 
medium. Morse assumes autolysis to be an “autocatalytic” re- 
action, due to the spontaneous increase in the hydrogen ion con- 
centration. Bradley explains the accelerating influence of acid 
upon autolysis by assuming that the increased hydrogen ion con- 
centration alters the proteins into forms more readily digested 
by the enzymes. Bradley also makes the statement, that there 
probably is no ‘latent period” in the autolysis, and that the first 
stage of autolysis is the formation of peptones and peptides, 
amino-acids appearing only later. 

As far as the author knows, however, there have been no other 
attempts made with modern methods to study the influence of the 
hydrogen ion concentration on autolysis of animal tissues. 

In his classical work Sérensen (1909) emphasizes that it Is quite 
as important to determine the hydrogen ion concentration and 
its eventual changes as the temperature of biochemical processes. 
Thanks to him we now have accurate methods to measure hy- 
drogen ion concentration. In this connection attention must be 
called to the theory, first suggested by Loeb and later adopted by 
Michaelis (1914), that the enzymes in fact are ampholytes and that 
enzymatic action is a dissociation phenomenon. Ringer (1916) 
does not accept this theory. 

In a previous paper the author has studied the proteolytic 
enzymes in veast cells and the effect of hydrogen ion concentra- 
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tion on them. Briefly stated this problem has been studied in the 
following manner. Buchner and Hahn (1903) who discovered cell- 
free fermentation, also studied the proteolytic activity of the 
press juice, and claimed that this contained an enzyme of trypsin 
tvpe, which, however, acted only in acid solution, and to which 
they gave the name “endotryptase.”” They described it as acting 
best in the presence of 0.2 per cent hydrochloric acid. There have 
been a great number of papers dealing with this problem, mostly 
confirming the work of Hahn. The English botanist, Vines (1904, 
1909), however, claims that in the veast cells there are two different 
kinds of proteolytic enzymes, one of pepsin, and one of trypsin 
type, and that they differ in solubility in sodium chloride solution. 

The writer (1917) has been able to show, that in yeast cells there 
must be at least three different groups of proteolytic enzymes, 
acting at different hydrogen ion concentrations (Fig. 1). 
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a ae The optimum for the action of pepsin lies in the acid region, 
ai eee that for the tryptase almost at the neutral point and that for the 
ereptase in alkaline solution. The optimum for autolysis (the 
maxunum decomposition of the protein) at constant hydrogen ion 
concentration is however at pH = 6, between the optima of 
pepsin and tryptase, and at the point where the two enzymes can 
act simultaneously. The extent of autolysis is shown in the shaded 
portion of the figure (Fig. 1). 
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In the following the author has extended the investigations to 
different tissues of animal origin, always controlling the hy drogen 
ion concentration of the medium and its changes. 


General Methods. 


Preparation of Tissue Suspensions.—The tissues used in the fol- 
lowing experiments were obtained from freshly killed normal 
animals, dogs or pigs. The liver, pancreas, and spleen tissues, 
weighing from 50 to 300 gm. and freed mechanically from attach- 
ing fat, were minced in a meat chopper with an ordinary cutter, 
repeatedly washed with 1 per cent sodium chloride solution to 
remove most of the blood, and filtered through cheese-cloth. 
The remaining mash was then minced with a “nut” butter 
until it became a very fine homogeneous suspension 
which could be easily pipetted and contained about twice as 
much water as the original tissue. How much of these suspen- 
sions was used in each experiment, and their content of nitrogen 
is noted under each experiment. These suspensions were kept in 
the ice box, and toluene and chloroform insufficient quantities were 
vdded to prevent bacterial growth. All the digestions were ear- 
ried out in an incubator at 37°C, 

Nitrogen Determinations.—The chemical methods used for show- 
ing the progress of the enzymatic reactions were the following. The 
total amount of nitrogen in the solutions was determined by the 
Kjeldahl method. The coagulable protein was precipitated with 
2.5 per cent trichloroacetic acid (9 partsof acid to 1 part of solution). 
After removing the coagulum the remaining nitrogen In an aliquot 
part of the filtrate was determined by the Kjeldahl method. The 
amount of amino nitrogen was determined by the Van Slyke method! 
in the solution after removing the solid particles by filtration. 
The peptide nitrogen, that is the nitrogen from the —CO— NH— 
group of albumoses, peptides and peptones, was determined by 


‘In an earlier paper the author used Sérensen’s formol titration for 
determining the amount of amino nitrogen liberated. This method meas- 
ures practically all NH. groups, but it requires rather large amounts 
of solution for each test to get accurate values. The Van Slyke method 
does not give the accurate amount of nitrogen for some substances, ¢.g. 
ammonia and glycyl derivatives, but has the great advantage that carbon 
dioxide and phosphates do not interfere with it, and rather small amounts 
of solutions are required for each test. 
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hvdrolyzing the solutions with hydrochloric acid. 1 part of 
eentrated hydrochloric acid was added to 1 part of solution. 
The mixture was heated for 24 hours at 100°, coneentrated in a 
vacuum to remove the acid, and finally neutralized with sodium 
hydroxide and made up to the original volume of the amino-acid 
solution. Then the increase in amino nitrogen was determined 
by the Van Slyke method. The free ammonia was determined 
by addition of potassium carbonate and aeration into 0.02 mM 
hvdrochlorie aeid. 

Determination of the Hydrogen Lon Concentration.— The hydrogen 
ion coneentrations in all the experiments were determined by the 
colorimetric method of Sérensen with the indicators of Clark 
and Lubs (1917). Beeause of their small ‘protein error’ these 
new indicators are well fitted for solutions containing protein 
substances. To express the value of the hydrogen ion concen- 
tration Sorensen’s symbol pH is used. pH indicates the negative 
logarithm of the hydrogen ion concentration in terms of normality. 

The standard solutions were made up of pure chemicals, and 
their purity was controlled by the eclectrometric method. The 
following solutions were used: 


hydrochloric acid. 


sodium citrate. 
‘s “* potassium dihydrogen phosphate, KH,PO,. 
 “ disodium hydrogen phosphate, Na,HPO,, 


The last two salts were Kahlbaum’s preparations after Soren- 
sen. By means of mixtures of these solutions any hydrogen ion 
concentration between pH = 1.0 and pH = 9.0 can be repro- 
duced, and they cover practically the whole range of the hydrogen 
ion concentration which ean be considered in the study of autolysis. 

The indicators used have been the following. 


Range of pH. 


Thymolsulfonephthalein (thymol 1.2-2.8 
Tetrabromophenolsulfonephthalein 3.0-4.6 
Dibromo-o-cresolsulfonephthalein 5.2-6.8 
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As most of the solutions examined were more or less colored 
and turbid, they have been diluted two or three times before the 
examination. According to Clark such a dilution does not essen- 
tinlly alter the hydrogen ion concentration of the solutions. Clark 
also suggests the use of a special comparator rack for colored solu- 
tions. It has been used here in a slightly modified shape and 
found to work excellently. In another paper is a complete de- 
scription of it (Avery and Dernby, 1918). The method is fairly 
accurate; the experimental error averages less than O.1 in pH. 

the identification of the different proteolytic enzymes in the 
tissues the following two methods have proved to give the best 
results, and to be the most convenient to carry out. 

Gelatin Method._-The method of Fermi (1891, 1906) of lque- 
fying gelatin in the form suggested by Palitzsch and Walbum 
(1912) has been used to demonstrate the presence of pepsin- 
like enzymes. In some cases also enzymes of trypsin type at- 
tack gelatin. As this method does not seem to be generally 
known, its main features may be deseribed here. 700 gm. of 
gelatin are dissolved in 1,250 ce. of hot water, the solution is 
passed through cheese-cloth, and 2 gm. of thymol suspended in 
water are added. The solution is then diluted to 2 liters and 
kept in stock in an ice box. As used in the following experi- 
ments it contained 37.5 mg. of nitrogen per 1 ce. 

Before the experiments, 200 gm. of the stock solution were 
taken and diluted to 500 ec. For most of the experiments 15 ce. 
of this solution were used, hydrochloric acid, sodium hydroxide, 
phosphates, and tissue suspension added, and the whole was 
diluted to 30 ce. The solutions were kept in small Erlenmeyer 
flasks, covered with an inverted beaker, and all the digestions 
took place in an incubator at 37°. After certain intervals 5 ce. 
from each flask were removed and pipetted into a thin test-tube, 
which subsequently was dipped into ice water and cooled for ex- 
actly 15 minutes. Acids in less than M concentration do not 
interfere much with the liquefaction of gelatin, but even com- 
paratively small amounts of alkalies do. Therefore the alkaline 
solutions must be neutralized by addition of a caleulated amount 
of acid before samples are removed for cooling. After 15 min- 
utes the tubes were removed from the ice bath, and the degree of 
liquefaction was estimated. 
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In order to make possible a graphic representation of the results 
in curves and to facilitate their presentation, the estimate is ex- 
pressed in numbers. Palitzsch and Walbum utilize twelve num- 
bers, out of which, however, in this paper only seven are used. 
They are the following: 


0 = Completely solid. 

1 = Solid, but small pieces may be torn off by strong shaking. 
ae" ‘“ the surface moves somewhat when tubes are skaken. 
3 = Soft. 

4 = Half liquid. 


5 = Almost 
6 = Entirely “ 


Peptone Method.—¥or the demonstration of trypsin- or erepsin- 
like enzymes solutions of Witte’s peptone have been used. A 4 
per cent solution of Witte’s peptone was made up (Dernby, 
1917) and used as stock solution. As used here it contained 7.92 
mg. of total nitrogen per 1 ec. In order to carry out the diges- 
tions with different tissues under identical conditions seven dif- 
ferent mixtures of peptone, phosphates, sodium hydroxide or 
hvdrochlorie acid, and water were prepared beforehand, all pos- 
sessing different hydrogen ion concentrations. The following 
scheme shows the composition of the mixtures and the resulting 
hydrogen ion concentration, 


40 ce. 4 per cent peptone solution + 10 ec. 0.5 Mm phosphates + HClor 
NaOH + water = ISO ce. 


No. | O1N HCI. | O1N NaOH. 0.5 ™ phosphates. | pH 
ce. ce. ce. C0. 
10.0 0 | 4.0 
2 8.0 | ~- 9.0 1.0 5.2 
3 Se - 5.0 5.0 6.8 
4 2.0 8.0 7.3 
5 | | 9.0 
6 | — | 9.5 8.0 
7 — 0 10.0 8.5 


An experiment was ecarricd out in the following manner. In 
seven test-tubes were transferred 9 ec. of each of these solutions, 
and to each of them was then added 1 ce. of the enzyme prepa- 
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ration or tissue suspension. Care must be taken that the tissue 
suspension does not essentially alter the hydrogen ion concen- 
tration of the solutions. In some cases a few drops of hydro- 
chloric acid or sodium hydroxide had to be added beforehand in 
order to keep the initial hydrogen ion concentration at the 
desired point. 

At the beginning and after certain intervals the amino nitrogen 
and the hydrogen ion concentration were determined as described 
above. 

Artificial Autolysis. 


In explanation of the autolysis of veast we have suggested that 
there are enzymes in the cells of peptie, tryptic, and ereptic 
character, all of them working different hydrogen ion 
concentrations, and “autolysis” is the resultant of the aetion 
of these different enzymes. To test this theory more completely 
it appears desirable to carry out an “artificial autolysus,”’ that is 
to treat a known protein substance with a mixture of pepsin and 
trypsin, and analyze the renetion products after digestion at dif- 
ferent hvdrogen ton concentrations. In order to do this the fo!l- 
lowing experiment Was carried out by means of the method of 
Palitzsch and Walbum (1912) with gelatin assubstrate. The gela- 
tin solutions prepared as above were treated with certain smounts 
of hydrochloric acid or sodium hydroxide in order to obtain 2 wide 
range of different hydrogen ion concentrations. A solution con- 
taining both pepsin and trypsin was made by dissolving a 0.1] 
gm. portion of each enzyme (Fairchild) in 50 ee. of distilled water. 
Of this solution 1.0 ce. was added to 30 ec. of gelatin mixture, 
No buffer mixture was used, the initial hydrogen ion conecent::- 
tion was measured as stated, and if it changed a little during the 
digestion it was of no essential importance. Table T and Fig. 2 
show the result. 

The gelatin is liquefied in two regions, one on the acid side, the 
other on the alkaline. There are two well defined optima, one 
at about pH = 3 and the other at about pH = 8. It is ob- 
vious that the first optimum must be due to the action of the 
pepsin, the other to the action of the trypsin. 

In the above experiment we have used a substrate, gelatin, 
which is attacked by both pepsin and trypsin. Most native 
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animal proteins, are attacked by pepsin but not by trypsin, the 
latter enzyme acting only on the products of peptic digestion. We 
must expect results quite different from the above when a sub- 
strate not attacked direetly by trypsin is acted on by the two 
enzymes, 

Table IL gives an experiment where boiled pig’s liver, thor- 
oughly mineed and washed, is used as such a substrate. 


TABLE If. 
Trypsin and Pepsin on Gelatin. 
15 ee. gelatin + HCL or NaOH + 1.0 ce. enzyme solution + water = 
ee, 
Enzyme solution: 0.1 gm. pepsin (Fairchild) + 0.1 gm. trypsin (Fair- 


child) + 50 ee. water. 


Degree of liquefaction after digestion 


4 | Added. = at 37° for 
HCL NeOH E 30 min. 60min 120 min. 180 min. 360 min. 
6.0 cc. N. 2.0 14 1} 
33.0% * 3.1 3 
411.6 3.5 2 2} 3 4 
6 4.9; 0 0) 
3.0 ec. N 6.0 0) () 3 6 
£0." 168 () l 2 
10 — 3 5 6 
11 0.1“'8.1 3 5 6 
12 8.6 2 (5 

2 Pepsinttrypsin on gelatin \80 mn | 

% 

2 

pH 20 30 40 50 60 70 80 90 
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The optimum for the reaction is about pH = 5 to 6. This 
pH lies between the optima of pepsin and trypsin, but is 
where both enzymes can act simultaneously. On the alkaline 
side of the optimum there has been more digestion than on the 
acid side, presumably because the liver contains some proteins 
digestible direetly by trypsin. These results are by no means 
to be regarded as complete evidence for the general theory of 
autolysis developed in the following, but they prove that it is 
easy by known enzymes and substrates to reproduce s process 


resembling autolysis. : 


TABLE IL, 


Trypsin and Pepsin on Liver Proteins, 


2 ec. boiled liver suspension + 1 cc. 0.5 N phosphates + HC! or NaOH 


+ 1 ec. enzyme + water = 10 ce. 
2 ce. suspension contained 23.6 mg. total nitrogen. 
Enzyme solution = 0.1 gm. pepsin (Fairchild) + 0.1 gm. trypsin in 50 


ce. Water. 
Digestion continued 12 hours at 37°. 
Tube No. | Initial pH. Increase in amino nitrogen. 
mg. 
About 2 | 
2 3.5 1.67 
3 4.5 1.70 
4 2.80 
6.4 3.20 
7.0 2.46 
ri 4.0 2.6) 
2. 46 


Identification of the Enzymes. 


The classification of proteolytic enzymes hitherto used is made 
on three lines. (1) The substrate which they attack. (2) The 
products vielded. (3) The optimum hydrogen ion concentration 
for the enzyme action. 

As the classical types for the proteolytic enzymes are the three 
excreted enzymes from the animal body, the pepsin, the trypsin, 
and the erepsin, the scheme for their actions is the following: 
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| | | 
| 
Enzyme. Substrate. Products. | 
| | | ae 
j 
Native proteins. | Peptones. | 2.5 
{ 
tones, and amino- 
some native’ acids. 
proteins, such | 
as @asein and | 
fibrin. | 


Since it is difheult, if not impossible, to separate the proteoly- 
tie enzymes from the tissue eclls, a suspension of very finely mineod 
tissue is used in the following as enzyme preparation. As sub- 
strates gelatin solutions have been used for detecting enzymes of 
pepsin type, and peptone solutions for detecting enzyvines of 
trypsin or erepsin type. Briefly, those two tests are called the 
“gelatin test” and the ‘peptone test.” 

Yeast Cells.—-In an earlier paper it is shown that the existence 
of both pepsin- and trypsin-like enzymes can be easily demon- 
strated by the action of veast Juice on gelatin (Derby, 1917). 
Such an experiment is repeated here, and Table TIT and Fig. 3 
show the result. 

TABLE 
Yeast Juice on Gelatin. 


15 ec. gelatin + HCl or NaOH + water + 0.5 ce. veast juice = 30 ce. 


HC! NaOH 3 hrs. 6 hrs. 24 hrs. 
1 26.0 ce. 0.1 { 
2116.0 “ 0.1“ — 5 
3 — 13.7] 1} 5 6 
| | 4.0 “ 0.1/6.7 1} 6 
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Yeast juice on gelatin 


Depree of liquefaction 
Be. 
a 


9.0 


=x 
ro) 
wn 
~ 


Two optima are seen, one at pH = 3.5, corresponding to that of 
gastric pepsin, the other at pH = 7, corresponding to that of 
animal trypsin, 

Liver.-Watery extracts obtained by grinding liver with sand 
were made in various manners, using fresh and half autolyzed 
liver, and extracts made with water, weak acids, and alkalies; but 
the extraets, which olwavs contained much "protein, attacked 
neither gelatin nor peptones. This was also true for spleen and 
confirms the statements of preceding authors; e.g., Levene. On 
the other hand, if a little of the liver suspension was mixed with 
gelutin, the gelatin wes liquefied, and preliminary tests showed 
that this reaction took place only in acid solution. This renetion 
was first discovered by Theobald Smith (1894). 

Tables IV and V give the results of two similar experiments. 
In Fig. 4 the results from Table V are graphically reproduced. 

Tables IV and V show that the proteolytic action on gelatin 
takes place only in acid solution, and the optimum hydrogen ion 
concentration is between pH = 3 and pH = 4.) Several similar 
experiments gave the same result, and it must especially be noted 
that In no case was any proteolytic action whatsoever obtaimed 
on the alkaline side. In this respect the liver and spleen, stomach 
cells, and leukocytes differ from panereas and yeast cells. 

Tryptase.—Preliminary experiments showed that liver suspen- 
sion readily attacked a solution of Witte’s peptone, and that the 
rate of reaction was greatest in weakly alkaline solution. The 
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TABLE IV. 
Liver Suspension on Gelatin. 
15 ce. gelatin + HCl or NaOH + 1 ee. liver suspension ‘fresh) + 
water = 30 ce. 


lL ec. liver suspension contained 12.0 mg. total nitrogen. 


Tube Added. mi 
HC! NaOH lhr.  3hrs. 6hrs l2 hrs. 24 hrs 
1) 4.0ce. x 2.6 0 0 0 
21 3.0 () 0 0) 
$i 1467 3.4 3 4 6 
4110.0 “0.1 N 0 » 3 5 
5| 6.0 “0.1 “| 4.4; 0 0 2 4 
6 | ma 5.1 0 0) 0 3 
7 1.8ce.0.1 5.8 0 0 0 0 1 
3.0“ 0.1 “| 6.8 0 0) 0) 
4.0“ 0.1 “| 7.3 0 0 0 0 0 


TABLE V. 
Liver Suspension on Gelatin. 
lo ce. gelatin + HCl or NaOH + 1 ee. liver suspension (4 days in ice 
box) + water = 30 ce. 
l ec. liver suspension contained 22.6 mg. total nitrogen. 


Added. At Degree of liquefaction 
Tube [nitial after digestion at 37° for 
HC} NaOH 2hrs. 3 hrs. 
2 6 ce. N 2 3 
3.90 2 33 
3 34 
40| 2 2; 4 
l 3 
2 
0 0 0 
6.7 0) 0 Q 
0 0) 0 
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¢ | | Liver an gelatin 
> 
= 
pH 20 3.0 40 5.0 0.0 10 9.0 


lic. 4. 


objection may be raised that when peptone solution is mixed with 
such large amounts of liver suspension the amount of total nitro- 
gen of the liver exceeds that of the peptone. One cannot tell 


5, 

£ 

2 

<x B: Liver 
pH 50 60 710 8&0 90 

Fig. 5. 


whether the amino nitrogen formed originates from the peptone 
or from the liver tissue. Table VI shows also a control experi- 
ment without any peptone, which indicates that comparatively 
small amounts of amino nitrogen are formed from the liver tissue 
alone. In Fig. 5 the results are represented graphically. 

A considerable increase in the hydrogen ion concentration oc- 
curred during the digestions in spite of the presence of the phos- 
phates. This was presumably due to the formation of acids from 
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liver glycogen. Greater concentration of buffer salts to reduce 
the change did not appear advisable because of the effeet of 
higher concentrations of salts in checking enzyme action. 


TABLE VI. 
Liver Suspension on Peptone. 
A: 9 ec. peptone solution + 1 ec. liver suspension (7 days in ice box) + 
Lee.0.5M phosphates = 10 ce. 
B: 1 ce. liver suspension + 1 ec. 0.5 mM phosphates + HCL or NaOH + 
water = 10 ce. 
l ce. liver suspension contained 22.60 mg. total nitrogen. 


= 2.99 “ amino “ 
ec. peptone solution “ 15.84 “ total 
Increase in amino nitrogen after 
I 48 hrs. at 37°. 
‘After (After ‘(amino nitro- 
Initial, digestion, digestion, | A B gen formed 
A. | from 
peptone). 
mig. mg. mg 
l 5.0 5.0 5.0 3.34 0.8 | 2.49 
6.5 4.36 0.45 3.91 
i.e 6.9 0.48 0.98 4.50 
7.9 1.03 4.62 0.359 4.23 


The curve for liver digesting alone is noteworthy. At pH = 7.8 
there isa marked maximum, at the neutral point there is very little 
reaction, but in the acid region there seems to be another 
maximum. This phenomenon will be further discussed under 
Autolysis.”’ 

The main result obtained from this experiment is that for the 
digestion of peptone by liver enzymes the optimum pH is about 7.6. 

Soluble Bi eptase.--Abderhalden and collaborators (1906, 1907, 
1916) and others have found that press juice from liver and 
other tissues has the power to split simple polypeptides into amino- 
acids. As already mentioned, watery extracts digest neither 
gelatin nor peptone, but Table VIL shows an experiment in which 
the action of a liver extract on glyevl-glycine has been tried. 
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TABLE VII. 
Liver Extract on Glycyl-Glycine. 
5 ec. 0.1 mM glyeyl-glycine + 2 ec. 0.56 M phosphates + NaOH + lee. 


liver extract + water = 20 ce. 
5 ec. 0.1 M glyecyl-glycine contained 14.0 mg. total nitrogen. 


1 ce. liver extract La” “ 
| pH | Increased amount of 
Tube No. amino nitrogen 
| Initial. | After digestion. after 20 hrs. at 37°. 
| mg. 
1 | 5.4 | 5.4 | 0.05 
2 6.8 6.6 | 0.90 
3 7.1 6.8 | 1.16 
4 | 7.4 7.1 1.40 
5 | 7.7 7.4 1.62 
6 | 8.0 7.6 9 
8.4 7.7 3.03 
9.0 7.9 | 0.0 


A slight proteolytic action is evident, and the optimum lies on 
the alkaline side. It is, however, impossible to determine the 
optimum exactly because acid-forming substances in the liver 
cause a great change in the hydrogen ion concentration to the 
acid side. 

Spleen.—Preliminary experiments with spleen suspensions in- 
dicated that the proteolytic activities of spleen are analogous to 
those of liver. Table VIII and Fig. 6 give the result of the 
gelatin test. 


Spleenfon gettin 
| 
| 

3 2 
& 

pH 20 6.0 7.0 8.0 9.0 


Fig. 6. 
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TABLE VIII. 
Spleen Suspension on Gelatin. 
15 ec. gelatin + HCL or NaOH + 1 ce. spleen suspension (2 days in 
ice box) + water = 30 ce. 
1 ce. spleen suspension contained 13.05 mg. total nitrogen. 


} 
| After 6 
4 | HC] NaOH Initial. tlhr. 2hrs. 3hrs.. 6hrs. 20 hrs. 
tion. 
1 2.6 N 1 2} 3 33 
4 | 6.0 “ 0.1 “| | 4.0) 4.1] 3 1 
Tryptases.—Spleen tissue is more favorable to deal with than 
liver because the hydrogen ion concentration does not change so 


extensively in spleen. Table IX is quite similar to the corre- 
sponding Table VI for liver Fig. 7 gives the results graphically. 


TABLE IX. 


: Spleen Suspension on Peptone. 

», 9 ce. peptone solution + 1 ce. spleen suspension (fresh). 

1 spleen suspension contained 13.05 mg. total nitrogen. 

9 peptone solution 15.84 “ total 

pH Liberated amino nitro. 
Tube No. gen after Is hrs. 
i | Initial. | After digestion. at 

l 6.0 5.9 1.96 
:7 2 6.8 6.6 | 1.92 

3 73 73 | 2.47 

7.6 7.4 | 2.92 
4 ; 5 | 7.9 7.6 | 2 64 
oe 6 | 8.3 8.0 0.39 
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] 
| Spleen + peptone 
| 
£2 | 

pH 50 60 170 80 90 
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Soluble Ereptase.—To see whether there is any ereptase present 
In & Watery extract from spleen the following test) was ‘carried 
out. The extract was prepared in the same way as in the case 
of liver. 

TABLE X. 
Spleen Extract on Glycyl-Glycine. 

ec. M glyeyl-glycine + 2 ce. 0.5 phosphates + + 1 ce. 
spleen extract + water = 20 ee. 

o ec. 0.1 M glyeyl-glycine contained 14.0 mg. total nitrogen. 


cc. spleen extract x: 
pil Increased amount of 

Initial. After digestion. after 18 at 37°. 

l 5.4 0.00 

2 6.S 6.8 Q.2S 

3 ria 0.53 

4 7.4 7.4 0.69 

7.6 0.80 

6 7.8 0.94 

7 S.4 S.1 0.57 


The proteolytic action is rather weak and far from a complete 
decomposition of the peptide, but it is quite evident that there 
are ereptases present in the extraet, and the optimum for their 
action seems to be about pH = 8. 

Pancreas.—The pancreas excretes large amounts of trypsin, 
which is readily obtained in watery extracts from the tissue. 
Palitzsch and Walbum have determined the optimum hydrogen 
on concentration for the action of trypsin on gelatin, and found 
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the astonishingly high value of pH = 9.1 at 35°. On the other 
hand Rona and Arnheim (1913) have found the optimum for the 
tryptic action on Witte’s peptone to be at pH = 7.8. Perhaps 
the liquefaction of gelatin in very alkaline solutions is due in part 
to other effects than that of the enzymes. 


TABLE XI. 


Pancreas Extract on Gelatin. 


15 ce. gelatin + HCl or NaOH + 3 ce. 0.5m phosphates + 0.3 ec. pan- 
creas extract + water = 30 ec. 


| Added. | | 
——— — | Degree of liquefaction after diges- 
| Phos- | tion at 37° for 
| phates. | | 
| | | | | 0 | 2 
1 | 9.0 ce. 0.18 
| 0 3.05.0; 1 | 3 | 4] 6 
3 1.0ce.0.1N/ 0.6 2.46.0} 0} 3 | 4] 5 6 
5 4.0 “ 0.1“/2.40.67.3| 3] 5 | 6 | 6 | 6 
— 6.0 “ 2.710378) 5 | 6 | 6] 6 
7 | — 8.0 “ 0.1“|3.0'0 |8:2| | 6] 6 | 6 
9 20% |30 0 | 4 4151] 6 
| 


In Table XI and Fig. 8 is presented an experiment which is a 
repetition of Palitzsch and Walbum’'s. Phosphates are used as 
buffers to keep the hydrogen ion concentration constant. It 
must be remembered that for measuring the hydrogen ion con- 
centration instead of the electrometrie method the colorimetric 
method with the indicators proposed by Clark has been used. 
It is a little difficult to locate exactly the optimum but it is evi- 
dent that it is about or above pH = 8. 
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Pancreas on gelatin 


Degree of liquefaction 


Fia. 8. 


Repeated experiments, in which instead of pancreas extracts 
pancreas suspension was used, indicated that the latter had the 
power to liquefy gelatin within the limits pH = 3 to pH = 9. 
The optimum seemed to be in all cases about pH = 8. In the 
acid region liquefaction was very slow. Only’ one optimum, the 
alkaline one, was observed, and there was therefore no evidence 
of the existence of pepsin-like enzymes. Table XIL shows one 
of these experiments. 


TABLE NII. 


Pancreas Suspension on Gelatin, 


15 ee. gelatin + HCl or NaOH + 1 ce. pancreas suspension +Water = 


30 cc. 


| Degree of lijuefaction after digestion at 37° for 


Tube No. Initial pH. 
30 min. | 1 hr. | 2 hrs. 24 hrs. 

1 | 3.0 0 | 0 2 6 
2 | 3.3 | 0 0 4 6 
3 | 3.7 0 5 
4 | 4.0 | 0 | 3 6 6 
5 4.5 1 | 5 6 F 
6 §.1 2 | 6 6 6 
7 5.8 4 | 6 | 6 6 
8 6.8 5 | 6 | 6 | 6 
9 7.5 6 | 6 | 6 | 6 
10 7.8 6 | 6 | 6 | 6 


4 


*. 
| 
ph 20 3.0 40 5.0 6.0 710 8.0 9.0 
~ 
= 


200 Autolysis 


In the pancreas there is so much trypsin that it may obscure 
the effects of other enzymes which may be present. The attempt 
was made therefore to get rid of most of the trypsin by washing 
the tissue mash thoroughly with distilled water, in order that the 
residue might be tested for other enzymes. Table XIII and 
Fig. 9 represent such an experiment. 


TABLE XIIL. 
Pancreas Suspension on Gelatin. 
15 ce. gelatin + HCl or NaOH + 1 ec. Washed pancreas suspension + 
water = 30 ce. 


Degree of li, uefaction after digestion 


Ss Added. | Initial | at 37° for 
| HC] NaOH | | ihr. , 2hre. | 3 hres. 24 hrs. 
21.6% « | 3.4 2 3 4 6 
310.0 “01x, — | 3.8 2 2 3 6 
4 6.0 “ 0.1% — | 4.4 0 0 1 6 
5 ~~ — 5.1 0 0 l 6 
6 — L.8ece.0.1N 5.8 0 1 3 6 
7.3 2 3 5 6 
| “Pancreas on gelatin | | Shes. | 


Deeree of liquefaction 


pH 20 3D 


Fig. 9. 


lig. 9 with its two optima is quite analogous to that represent- 
ing the action of veast Juice on gelatin. It appears that the pan- 
creas contains not only trypsin but also pepsin, the trypsin so 
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predominating that it must be partially removed before the 
pepsin ean be detected. 
TABLE XIV. 
Pancreas Extract on Peptone. 


9 ec. peptone solution + 1 ce. pancreas extract = 10 ce. 


Q * ” contained 15.84 mg. total nitrogen. 
1“ pancreas extract 3.40 “ total 


Amino nitrogen liberated after digestion 
at 37° f 


2 hrs. 18 hrs. 
mg. mg. 
5.0 | 0.94 7 
2 6.0 | | 2.41 
6.8 1.22 | 3.34 
4 | 7.3 1.66 | 3.44 
5 | 7.6 1.85 | 4.16 
6 7.9 | 1.77 4 22 
| 8.3 0.77 3.34 
6 
Pancreas jaicelon pepto} 
5 
4 
= 
2 
\ 
pH 50 6.0 70 80 20 


Fic. 10. 


Table XIV and Fig. 10 show the action of trypsin on peptone. 
Here we observe the effeets of only the tryptic enzymes, and the 
experiment confirms the above mentioned observations by Rona 
and Arnheim (1913), that the optimum for the action of trypsin on 
peptone is at pH = 7.8. 
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TABLE XV. 
Pancreas Extract on Glycyl-Glycine. 
5 ee. 0.1 mM glycyl-glycine + 2 cc. 0.5m phosphates + NaOH + 1 ca. 


pancreas extract + water = 20 cc. 
5 ec. glycyl-glycine contained 14.0 mg. total nitrogen. 


1 pancreas extract “ 
| pH | Increased amount of 
Tube No. amino nitrogen after 18 

| Initial. | After digestion. hra. at 37°. 
| | mg 

I | 5.4 | 5.4 0.40 

2 6.8 | 6.8 1.60 

3 | 2.14 

4 7.4 | 7.5 | 2.56 

5 7.9 | 3.02 

6 8.0 S1 | 2.62 

7 S.4 8.4 2.54 

8 > 9.0 0.00 


| 
| 


Table XV shows the action of pancreas extract on glyeyl- 
glycine, which is rather easily attacked. The optimum seems to 
he about pH = 7.9 and is also the same as for the action of 
erepsin from the intestines on glyeyl-glycine. In this respect 
pancreas extract differs from yeast Juice, because the optimum 
for its action on glyeyl-glycine is at pH = 7.8 but the action on 
peptone is at about pH = 7.0. 

Mucous Membrane of the Stomach.—The stomach of a freshly 
killed dog was cleaned by running water through, the ventricle 
was opened, and the mucous membrane was removed by means 
of a piece of glass. About 100 gm. were obtained. Toluene and 
chloroform were added. Part of the material was ground with 
sand ina mortar, and the mass afterwards extracted with distilled 
water. The insoluble parts were filtered off, and the yellowish 
turbid filtrate was used for the gelatin test. 

To the other portion was added 0.5 gm. of powdered caletum 
carbonate in order to make the mixture neutral, and the mix- 
ture was allowed to stand for 24 hours at room temperature. 
The mash was washed several times by decantation with dis- 
tilled water in order to remove most of the pepsin. Then the 
mash was diluted to twice the volume and shaken until a rather 
uniform suspension was obtained. This suspension was used for 
the peptone test. 
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Table XVI shows the result of the gelatin test. 


TABLE XVI. 


Stomach Extract on Gelatin. 


15 ce. gelatin + HC! or NaOH + water + 0.5 ce. pepsin = 30 ce. 


Degree of liquefaction after digestion 


5 
| HCl NaOH 15min. 30 min. 60 min. | 20 hrs. 
4.0 2 4 5 65 
5 — 5.1 2 3 5 
7 73 0 0 0 
8 — 7.8 0 0 0 0 
9 0 () 0 0 


It is obvious that the water extract from the stomach contains 
large amounts of pepsin. The results are in marked contrast to 
those obtained with water extracts from liver, pancreas, and spleen, 
which showed no trace of peptic enzymes. The optimum for the 
action is in the acid region and seems to lie about pH = 2 to 3. 
It is impossible to locate the optimum very accurately by this 
method, because in order to obtain hydrogen ion concentrations 
greater than pH = 2, such large amounts of acid must be added 
that they interfere with the liquefaction of the gelatin. The 
gelatin method as has been said is only useful for values of pH 
between 2 and 8. 

Preceding authors have made accurate determinations of the 
optimum hydrogen ion concentration for pepsin, and found it to lie 
between a pH of land 3. Sérensen (1909) found for the digestion 
of acid albumin an optimum pH of 1.5 which later was confirmed 
by Okada (1916). Recently Ringer (1916) has published a very 
interesting paper, showing that the optimum varies with the con- 
centration and nature of the ions present. It is evident, however, 
from this experiment that there is no proteolytic action at all on 
gelatin above a pH of 6. 

The question remains as to whether the mucous membrane of 
the stomach contains trypsin. It is not likely to be found in the 
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extract, because if it entered the acid solutions in the stomach it 
probably would be destroyed, as pancreatic trypsin is under simi- 
lar conditions. For the peptone test, therefore, the mash has 
been used, the preparation of which is deseribed above. Table 
NVIT shows the results of this experiment. 


TABLE XVIL. 
Stomach Cells on Peptone. 


9 ce. peptone mixture + 1 ce. tissue suspension = 10 ec. 


x contained 15.84 mg. total nitrogen. 
1 tissue suspension 6.20 % 
Tube No. | Initial pH. SS 

I 5.0 | <1.0 
2 6.0 2.40 
3 6.8 3.40 
7.3 | 3.63 
5 7.6 | 4.12 
6 7.9 3.82 
7 8.3 | 3.46 


From this table it is quite evident that there are enzymes 
present which have the power of digesting Witte’s peptone. The 
well marked optimum appears to lie at about pH = 7.6, about 
the same as for tryptic enzymes in the other tissues examined. 
That the pepsin itself cannot digest peptone in acid solution is 
shown in the following experiment. 


2 ce. 4 per cent Witte’s peptone solution + 4 ce. N HCl + 1 ee. pepsin 
solution + water = 10 ce. 


At the wae ... .. . 0.91 mg. Ne. 


These experiments have shown that there are in the ventricle, 
besides the well known pepsin, enzymes of he trypsin type, 
their presence however being largely obscured by the predominant 
action of pepsin. 

Leukocytes.—Opie and later Dochez have studied the autolysis 
of polynuclear leukocytes and from their experiments coneluded 
that proteolytic enzyme of leukoeytes is active in alkaline solu- 
tion. Parker and Franke (1917) elaim to have demonstrated 
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ereptie enzymes in rabbit leukocytes, which attack peptones but 
not proteins in alkaline solution. Other authors who have studied 
this problem are Jobling, Eggstein, and Petersen (1915), Fiessinger 
and Clogne (1917), and Hiss (1908). 

The leukocytes used in the following experiment were obtained 
by injecting sterile aleuronat into the pleural cavity of a rabbit. 
The exudate was centrifugalized, and the cells were carefully 
washed with salt solution. The deposit proved under the micro- 
scope to consist almost entirely of polynuclear cells, though a few 
mononuclear cells could be seen. About 0.5 gm. wet weight was 
obtained. To it was added chloroform, and it was allowed to 
stand for 24 hours at about 20° in order to plasmolyze. Then 
the cells were suspended in 25 ec. of distilled water, and this 
suspension was used as enzyme preparation. Table XVIII and 
Fig. 11 show the result of this experiment. 


TABLE XVIII. 
Leukocytes on Gelatin. 


15 ec. gelatin + HCl or NaOH + water + 0.2 ce. leukocyte suspension 
= 30 ce. 


| Degree of liquefaction after digestion 


= HCl NaQ | | 1 hr. | 2 hrs. 6hrs. | 24hrs. 
— 2 4 5 
310.0“ — | 3 4 
417.0 “ 0.1%! | 3.7 
5) 6.3"! | 4.3; 1 2 


The gelatin test indicates that leukocytes, like the other tissues 
examined, contain pepsin-like enzymes with maximum activity 
at pH = 3. There is no evidence of any proteolytic enzyme 
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acting in alkaline solution on gelatin. Repeated experiments 
gave the same result. | 
B® The fact is noteworthy that the small quantity of leukocytes 
used could digest gelatin so rapidly. In the case of spleen or 
liver we had to use several hundred times as much tissue in 
order to get a corresponding action. The leukocytes evidently 
contain much greater amounts of pepsin-like enzymes than the 
other tissues. In this respect they resemble the yeast cells 
more than liver cells. 

Table XIX shows the action of leukocytes on Witte’s peptone. 


TABLE XIX. 
Leukocytes on Peptone. 


9.0 ce. peptone mixture + 0.3 ec. leukocyte suspension + water = 10 cc. 
Total nitrogen = 15.84 mg. 


Amino 
Increase in the liberated amino 
Pube No. | 2 Initial pH. _ nitrogen after 48 hrs. at 37°. 
| mg 
l | 4.0 0.17 
2 5.3 0.17 
3 6.8 0.25 
4 | 1.3 0.85 
5 7.6 1.02 
6 | 7.9 1.68 
7 ; 8.5 0.25 
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Even if the resulting differences are small it is evident that 
there must also be trypsin-like enzymes present in the leuko- 
cytes, and their optimum reaction seems to be the same as that 
for the other animal tissues, between pH = 7.6 and pH = 8.0. 


Autolysis. 


The preceding experiments have yielded information concern- 
ing the nature of the proteolytic enzymes found in the tissues, and 
we have used a similar technique to study the nature of autolysis 
itself. 

Liver.—-Presumably because the glycogen present forms organic 
acids during autolysis, it is diffeult to keep the hydrogen ion 
concentrations of liver mixtures constant during incubation. 
The following experiments show how strongly the hydrogen ion 
concentration imereases, 


Liver, autolyzed for 72 hours. No buffer present. 


Tube No. | Initial pH. | pH after digestion. 
6.1 9.9 
2 7.3 6.4 
3 7.9 6.8 
4 8.4 6.9 


Therefore we must use buffers and choose a rather short diges- 
tion time. In Table VI it is shown that the amino nitrogen for- 
mation at almost constant hydrogen ion concentration follows a 
curve of somewhat peculiar shape. We have two optimal points, 
one in the acid, the other in the alkaline region, and at about the 
neutral point there is almost no action at all. Table XN and 
Fig. 12 show a similar, more elaborate experiment. 


Autolysis of liver 


Amino nitrogen liberated 


Fic. 12. 
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TABLE XX. 
Autolysis of Liver. 
1 ce. liver suspension (kept 3 days in ice box) + HCl or NaOH + 1 ce. 
0.5 Mm phosphates + water = 10 ee. 


Total nitrogen per 10 ec. = 22.60 mg. 
After 20hrs. After 72 hrs. 
Added. digestion at 37°. digestion at 37°. 
Tube Initial 
No. O1N | 0.5 M phosphates. pit. Tnerease Increase pH after 
oc. cc ce. mig. 
4 0.2 OS 6.1 4.14 
0.5 0.9 ° 0.1 7.9 1 Sb 7.4 2.23 
1.3 1.0 Q 4 7.6 0.63 


In spite of the phosphates present the hydrogen ion coneentia- 
tion mereased appreciably, especially after 72 hours digestion. 
lor this reason only the results after 20 hours digestion are usd 
for plotting the curve. We note two well defined maxima in the 
curve, one at a pH of 7.8, the other at a pH of 5.5.) There is 
greater action in the acid region, especially after longer duration 
of time. The optimum at pH = 7.8 is probably that of the 
tiyptase which attacks the peptones already present. But 
what does the other maximum mean? Do we have another 
enzyme of trypsin type, acting in slightly acid solution? — In 
such ease we ought to have detected it before. Experiments in 
Tables IV to VI give no enzyme having the optimum pH = 5.5. 
But bearing in mind that the formation of amino nitrogen results 
from the action of both enzymes-—-the trypsin hydrolyzing the 
albumoses and peptones, first formed by the pepsin—it Is easy to 
sec that the optimum pH for the total action may well lie between 
the optima of the two individual enzymes and at a point where 
each exerts only a part of its maximum activity. The observed 
optimum at a pH of 5.5 occupies such a position. 

Since pepsin produces only the more complex proteolytic 
products, such as albumoses and peptones, while trypsin produces 
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amino-acids and simple peptides, it is of interest to study the com- 
plexity of the products formed by autolysis at differen) hydrogen 
ion concentrations. When working with veast it was found that 
in acid solutions considerable amounts of non-precipitable peptide 
nitrogen were present, Whereas after autolysis in alkaline solutions 
practically all of the non-protein nitrogen was converted into siniie 
nitrogen. A previous test gave the following result. 
TABLE XXL 
Autolysis of Liver Products at Different Hydrogen lon Concentrations, 
25 ee. fresh pig liver suspension + HC] or NaOH + water=100 ee. 


Total nitrogen = 229.0 mg. 


Amino = {5.0 “ 
Added. pt Nitrozen in fltrate aftor 72 hrs. at 57 
Oo. 
IN 0.1N Afte 2 
1 Nat Tritial. Portal, Protein Peprtile Amino 
ce. ce. mg ma rig. mig 
4.2 4.0 177.0 9 0 63.0 
2 — 10 7.6 7.0 132.0 24.0 0.0 


As stated before it is impossible to keep the hyd: ogen ion con- 
centration constant when working with liver, but when thiso eon 
is used it is determined before and after each digestion. Table 
NATIT shows 2 similar experiment in which digestion was stepped 

TABLE XNIL. 
Autolysis Products at Different Hydrogen Ton Concentrations 

25 ce. liver suspension (kept on ice for 7 days) + HCl or NaOH - 
water = 100 ce. 


Total nitrogen = 402.0 meg. 


Peptide 
pi Amount of non-preeipitable nitrogen 
Tube in filtrate after 48 hrs. at 3) 
Initial. Peptide Amino. NH 
mid. rig. my 
I 12.0ce.n HCI. 2.8 3.1 33.2 57.3 3.3 
2.0" ™ 4.4 3.9 | 6.2 
3 H.2 2.0 12.2 95.0 9.5 
4 nxn 7.9 3.9 ot 
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by adding trichloroacetic acid. The coagulum was removed 
and the amounts of peptide, amino, and ammonia nitrogen were 
determined as deseribed under ‘General methods.”’ 

It is evident from the table that when autolysis has proceeded 
in acid solution a large proportion of peptide nitrogen still is left; 
that is, almost all of the dissolved proteins have been split to 
intermediate products, albumoses and peptones. But after autol- 
ysis in alkaline solution we have a large amount of intact soluble 
proteins and amino-acids, with no intermediate products. 

Bearing in mind that the pepsin of the tissues is active only in 
acid, and the tryptase only in alkaline solution, the results de- 
scribed may readily be explained without any assumption. of 
hypothetical activators or catalysts, or pro- or antienzymes. 

Effect of Pre-Treatment with Acids.—Preceding authors have 
paid much attention to the phenomenon that a piece of tissue 
does not autolyze in alkaline solution, but if pre-treated with 
acid and then transferred into alkaline solution it will undergo 
a rapid autolysis. In the light of the results reported above the 
following explanation of the fact seems probable. In alkaline 
solutions the tissue pepsin does not attack most of the proteins, — 
and the trypsin can digest only the peptones which are present 
from the beginning. But during the pre-treatment with acid 
the pepsin becomes active and the proteins are partially con- 
verted into peptones, which in the alkaline solution later proceed 
to undergo further digestion by the tissue trypsin. Without the 
pre-treatment in acid most of the material would have remained 
in the form of native protein indigestible by trypsin. 

Here are given the results of an experiment which was carried 
out in the following manner. 3 equal parts of mashed liver were 
put into Erlenmever flasks, to two of them, a, and as, were added 
the same amounts of hydrochloric acid, and to the third, 6, was 
added sodium hydroxide. The amount of amino nitrogen in 
them was determined at the beginning. After a certain time so 
much sodium hydroxide was added to da» that the hydrogen ion 
concentration became the same as in 6. To the other two were 
added the same volume of water, and all were allowed to autolyze 
for the same time. Then the increase in amino nitrogen was 
determined. 
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TABLE XXIII. 
Influence of Pre-Treatment with Acids. 
a, and az: 5 ee. liver suspension (7 days in ice box) + 5 ce. 0.1 nN HCI1+ 
water = 25 ce. 
b: 5 ce. liver suspension + 18 ce. 0.1 N NaOH + water = 25 cc. 
Total nitrogen = 4.30 mg. 


Amino “ = 470 “ 
ay a2 | b 
In- | In- | | te | 
erense crease | eTrease | 
amino | AMINO amino 
aN N. | aN. { 
mig | mg mg. | 
At the beginning. . | — | — | 4.7 | 7.8 
| 
After 20 hrs. at 1.79 | 4.5) 1.79) 4.5, trans-| 1.34] 7.5 
| | » | ferred to | 
| | | 
| 
additional di- | | | 
geation at | 3.55 | 1.46] 7.1 
i 


Spleen.—Spleen is a more favorable tissue for studies of auto- 
lvsis than liver, because it does not contain so much glycogen, 
the decomposition of which raises the hydrogen ion concentration 
during the digestion. 

Experiments detailed on previous pages have shown that the 
liberation of amino nitrogen by autolysis at constant hydrogen 
ion concentration follows the same seheme as for liver. Table 
NATV and Fig. 13 show the results. 


ms 
2 
Autolysis OF Spleer | 
pH 20 30 40 50 6.0 T.0 &0 90 
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TABLE XXIV. 
Autolysis of Spleen. 
Lee. spleen suspension (fresh) + HClor NaOH + 1 ce.0.5 M phosphates 
+ Water = 10 ce. 
Total nitrogen = 6.8 mg. 


Amino = 0.53 “ 
Added. Tacrease in amino-acid 
~ Phosphates. Initial pH.* 
OINHCL NaOH, After 16 After 72 
hrs. hrs. 
l 6 0 — About 3.0 0 O05 0.06 
3 10 () 1.0 1.06 1.28 
4 0.2 OS 6.2 0.75 
O05 0.5 HOS 15 0.43 
0 | OOS 0.2 4.2 0.69 
0.2 0.9 7.6 0.50 0.78 
04 7.9 0.74 | 0.98 


9 10 1.0 0 S.4 0.09 _ 


“In this ease the hydrogen ion concentration did not change so much as 
in the ease of liver. On the acid side the hydrogen ion concentration re- 
mained rather constant; on the alkaline, however, it decreased 0.2 to 0.3 
in pH during the digestion. 

TABLE XXV. 
Autolysis of Spleen and Products at Different Hydrogen lon Concentrations. 


25 ee. spleen suspension (quite fresh) + HCl or NaOH + water= 
100 ce. 


100 ee. contained $27.5 mg. total nitrogen. 
25.5 “ amino 
; of non-precipitable nitro- 
Tut Pp genatter 4s hrs. at 47°. 
No After 
Initial. Peptide Amino NHs 
mid. rid rid 
1 0.1 HCL 2.9 3.1 24.8 38.5 2.3 
2 4 2 3.9 2 14205 6.2 
3 6.3 5.9 2.6 7.3 
4 1.0ce. NaOH 7.6 7.9 
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We have here two optima, one at a pH of about 8, the other 
at a pH of about 5.) The explanation is the same as for the 


corresponding experiment with liver. 2 
Table XXV shows the autolysis products at differen’ hydrogen -* 
ion concentrations. It is analogous to Table 


The most interesting results are to be found under “Peptide 
nitrogen.” When autolysis has taken place in acid solutions, there 
are considerable amounts of intaet peptides. whereas in alkaline 


TABLE 
Influence of Pre-Treatment with Acids. 


a, and @: 5 ce. spleen suspension (6 days inice box) 4.0 
HC) + water = 20 ce. 

bh: 5 ec. spleen suspension + 1.0 e¢. 0.1 N NaOH + water = 20 ce. 

a, neutralized after 16 hrs. with 5.5 ce. 0.1 N NaOH. 

Total nitrogen = 34.0) mg. 


Amino 
a2 i, > 
Increase [nerease Ineresa 
m4 In in 
amino | pit amino pit pit 
mid. mig may 
At the beginning — | 4.0) 
After 16 hrs. digestion at 24° 5.05: 4.0 5.05 4.0. trans- 1.20 7.8 
ferred to 
3¢°| 8.10; 4.2 9.36 | 7.6 3.94 | 7.6 


solutions almost all peptides are split into amuino-neids. This is 
the same result as obtained with liver, and subjeet to the same 


explanation, 

Tables XXVI and XNXVIT show the influence of pre-treatment 
with acids and subsequent transfer to alkaline solution. In both 
cases autolysis proceeds much more rapidly in the transferred 
sumple than in the one where the reaction is alkaline from the 
beginning. Here also the results are the same as with liver. 

Pancreas.—Most authors have found that paneress tissue auto- 
Ilyvzes much more rapidly than liver and spleen. This un- 
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TABLE XXVII. 


a, and a;: 5 ec. spleen suspension (fresh) + 2 ce. 0.1 N HCl + water 


= 20 ce. 
6: 5 ce. spleen suspension + 0.8 ec. 0.1 N NaOH + water = 20 ce. 
a, neutralized after 6 hrs. at 37° with 2.8 ce. 0.1 N NaOH. 
Total nitrogen = 16.0 mg. : 
Amino  “ = 1.62 “ 
| ay | aa b 
| Increase I nerease Increase 
amino pH amino | pH amino pH 
| mg. mg. mg. | 
At the beginning ........ — | 47) — | 4.7 | — | 7.6 
\fter 6 hrs. digestion at 37° 0.31 4.7) 0.31 ) 4.7, trans- 0.120 7.6 
| | ferred to. | 
| 7.6 0.65; 7.5 
“ 37° 2.58 | 4.6 | 1.80 | 7.6 | | 
TABLE XXVIII. 
Autolysis of Pancreas. 
1 ce. pancreas suspension (fresh) + HCl or NaOH + 1 ce. 0.5 mM phos- 


phates + water = 10 ce. 
10 ec. contained 17.4. mg. total nitrogen. 


3.0 
4.0 


Added. 
Tube Initial pH. 
No. 
| | Phosphates. 
HCI. | 0.1 NaOQH.| ————-_—_— 
Pt 
6.0 About 
2.5 - 
3 1.0 — 0) 1.0 5.0) 
4 0:2 | 6.2 
5 0.5 | 0.5 6.8 
6 0.1 OS 0.2 
7 0.2? 0.9 0.1 7.6 
S 0.5 1.0 0 7.9 
q 1.0 S 4 


Increase in armino- 
acids per l0ce. after 
digestion at 37° for 


20 hrs. 


mg. 
AD 
oo 


~ 


— 


hrs. 


mig. 
1.37 
3.17. 
5 12 
6.08 
6.70 


4.42 
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doubtedly due to the great amounts of free trypsin present. Yet 
the pancreas is not a good subject for studying the general prob- 
lem of autolysis because the action of the trypsin almost entirely 
obscures the actions of the other proteolytic enzymes. This has 
been shown in Table XI. 

Table XXVIII is quite similar to Tables XX and XXIV, and 
shows the libegation of amino nitrogen during autolysis at con- 
stant hydrogen ion concentration. Fig. 14 represents the results 
graphically. 


mg. 

4 

pH 20 3.0 40 5.0 ao 80 90 


Fig. 14. 


In the ease of the liver and spleen we obtained two maximum 
points, one in the acid and one in the alkaline region. But here 
we only obtain one maximum point, at about pH =7.8, which 
also is the maximum for trypsin. Even in the acid region, how- 
ever, there is a considerable proteolytic activity. Whether this 
is due to the trypsin or to the pepsin or to both is impossible to 
state. 

Because of this irregular behavior of the pancreas it will hardly 
be of value to find out the autolytic products at different hydrogen 
ion concentrations. Table XXIX shows the influence of pre- 
treatment with acids on the subsequent autolysis in alkaline 
solution. It is quite similar to the corresponding experiments 
on liver and spleen, and gives the same result. 
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TABLE 
Influence of Pre-Treatment with Actds. 
a, and a2: 56 ec. pancreas suspension (7 days in ice box) + 3 ce. 0.1 N 
HC] + water = 20 ce. 
bh: 5 ee. pancreas suspension + 1 ce. 0.1 N NaOH + water = 20 ce. 
After 6 hrs. digestion at 37° a. neutralized with 3.6 ce O.LN NaOH. 


Total nitrogen in 20 ec. = 63.1 mg. 


ay 
EZ | EZ, 
pli pH >= pi 
Es == 
At the beginning 4.8 7.8 
After 6 hrs. digestion at 37°. 2.70 4.9 2.70, 4.9, trans- | 1.73 Pie 
ferred to 
| 
After subsequent 24 hrs. 


Influence of Neutral Salts on Animal Enzymes. 


ihe erepsin of the intestines behaves in regard to neutral salts 
auite differently from ereptase of yeast. The ereptie aetion is 
markedly checked already in 0.1 normal salt solution, while the 
veast ereptase is not influenced in’ less than about normal 
Dernby, L917). Whether this sensitiveness to salt concentration 
is shared by the other animal enzymes remains to be determined. 
frais likely that most of the enzymes from animal tissue are as 
rensitive to salts as erepsin. 


SUMMARY. 


In this paper the proteolytic enzymes of liver, spleen, pan- 
creas, and leukoevtes, and of the mucous membrane of the 
stomach have been studied. In all of these tissues it has been 
possible to demonstrate the existence. of pepsin-like enzymes, 
which split native proteins to peptones but not further, and for 
whose action the optimum hydrogen ion concentration in- all 
eases is at about pH = 3.5. This enzyme cannot act in alkaline 
cr even neutral solutions. 
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It has also been possible to show that in all of these tissues there 
are proteolytic enzymes of the type of trypsin or erepsin that 
attack only peptones or peptides, and split them into amino- 
acids. The optimum hydrogen ion concentration for all these 
enzymes seems to be about pH = 7.8 (from 7.6 to 8.0), and their 
action is checked in slightly acid solution. 

Both types of proteolytic enzymes occur in all the tissues 
studied. In some of them, however, one or the other of the 
enzymes has been predominant over the others, as the pepsin in 
the stomach and the trypsin in the pancreas. Unlike the less 
specialized enzymes,e pancreatic trypsin and gastric pepsin can 
easily be extracted from the cells. 

Autolysis of pancreas and liver has been especially studied in 
regard to the hydrogen ion concentration of the solution. It has 


Pepsin Autrolysis Trypsin + Erepsin 

| 
>) | 
2 | 
40 -— 7 £480 30 


Fig. 15. 


been found that selt-decomposition of the tissues proceeds furthest 
In a range of pH. between 5 and 6. That is in slightly acid 
solution and the optimum lies between those of pepsin and 
trypsin. The explanation is that the autolysis is most rapid and 
complete when both types of enzymes can work simultaneously. 

The relations between hydrogen ion concentration and the 
different proteolytic enzymes as well as the autolysis of animal 
tissues are represented in Fig. 15. 

When a piece of tissue is first treated with weak acids and sub- 
sequently transferred into alkaline solution the autolysis here 
proceeds much farther than if the tissue has been from the start 
in alkaline solution. This fact, shown previously by Hedin and 
by Dochez, is explained as follows. During the preliminary 
treatment in acid solution the pepsin acts. By transfer to alka- 
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line solution its action is checked, and the trypsin works under 
optimum conditions and digests the peptones formed by the action 
of the pepsin. 

Considering that there are enzymes in the tissues of both peptic 
and tryptic nature and considering also the hydrogen ton concen- 
tration of the medium and its eventual changes, most of the 
autolytic reactions can be explained without assumption. of 
hypothetical agents, such as ‘“proenzymes,” ‘activators’ or 
“antienzymes.”’ 

Comparing the proteolytic actions in the veast cells with those 
of animal tissues, the following is obtained » 


Proteolytic Enzymes. Optimum Hydrogen Ton Conecen- 
tration for the Enzymes. 
Yeast cell. Animal tissues. 
pH 


pil 


In what sense the hydrogen ion concentration will change dur- 
ing autolysis is impossible to predict. This depends upon the 
chemical constituents of different tissues and might vary in any 
direction. When starting at about pH = 6 in buffer-free solution 
with a glycogen-free tissue the most common result is that the 
hydrogen ion concentration first Increases, reaches a maximum, 


a and then decreases considerably. 

| 4 This work has been carried out in the laboratory of Dr. Donald 
q D. Van Slyke, and I wish to express my great indebtedness to 
a him for his interest in this work. I am also indebted to Dr. J. 
Z Auer for supplying me with the animal tissues. a 
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THE PURINE METABOLISM OF THE DALMATIAN 
COACH HOUND. 


By H. GIDEON WELLS. 
(From the Department of Pathology of the University of Chicago, and the Otho 
Sprague Memorial Institute, Chicago. 


(Received for publication, June 10, 1918.) 


Recently Benedict! reported the observation that the Dalma- 
tian breed of coach hound exhibits a marked peculiarity in its 
purine metabolism, to the extent that it exeretes large amounts 
et ure acid, even when on a purine-free dict. This peculiarity 
was exhibited by four Dalmations examined, but a fifth, ‘‘ob- 
viously not of very pure breed,” did not eliminate much urie acid, 
That a single species of dog should exhibit this characteristic is 
remarkable, especially in view of the faet that the only other 
mammals that excrete uric acid in any considerable amounts are 
man and the anthropoid apes. The Dalmatian coach hound, 
however, differs also from man and the anthropoids, in that it 
exeretes allantoin in eonsiderable amounts; 7.e., from one-half to 
two-thirds as mueh allantoin as urie acid. Hence the Dalmatian 
is UnIque In respect to purime metabolism. 

This fact is of more than academic interest, for it gives us for 
the first time a laboratory mammal that excretes considerable 
amounts of urte acid, and hence serves as a possible medium for 
experimentation under conditions somewhat resembling those 
obtaiming in the human subject. Benedict has already employed 
the Dalmatian for such investigations. Since other species of 
dees differ so radically from the Dalmatian in respect to purine 
metabolism, there is also opened a most interesting field of inves- 
tigation in the inheritance of a metabolie process, as exhibited by 
the products of mating of Dalmatians with other species. 

Having found an apparently pure blooded Dalmatian in one of 
our laboratories it seemed desirable to determine whether it was 


' Benedict, S. R., J. Lab. and Clin. Med., 1916-17, u, 1. 
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equipped with the same outfit of purine enzymes as other dogs, 
or not. We first made several observations at different times on 
the ure acid excretion, and corroborated Benedict’s findings 
completely. Urie acid was determined by direct isolation and 
weighing of the crystalline product, in order to avoid the possi- 
bility of anv unknown substance being responsible for the results 
obtained. The animal was a female, the weight being about 13.5 
kilos, and it was given a liberal diet, chiefly meat. On this diet 
the excretion of uric acid was found to be as follows: 


Urine. Unie Aeid. 


ee. gm. 


This rate of excretion, 0.037 gm. per kilo, corresponds to a daily 
excretion of 2.59 gm. of urie acid by a 70 kilo man. 

Benedict found about 0.360 gm. of urie acid excretion daily by 
his 10 kilo dog, or 0.036 gm. per kilo, even on a purine-free diet. 
When thymus was fed the uric acid rose to as high as 0.600 gm. 
of uric acid per day, but at the same time the allantoin nitrogen 
rose from 0.050 to 0.210 gm. Evidently this dog was able to 
destroy a large part of the exogenous purines, but not all. When 
uric acid was injected subcutaneously it was recovered quanti- 
tatively in the urine, vet there was also a marked increase in the 
allantoin excretion. These findings are difficult to explain on the 
basis of our present knowledge of purine metabolism, and Bene- 
dict is obliged to suggest that, ‘It seems probable that uric acid 
and allantoin are interrelated in metabolism in other ways than 
have been heretofore assumed.’” 


?This article was written in June, 1917, but its publication was de- 
luved during the author’s absence in foreign service. In October, 1917, 
C. K. Watanabe published a paper (J. Urol., 1917, i, 485) on experi- 
mental uranium nephritis in two Dalmatian coach hounds, in which 
animals he observed excretion of urie acid, but in much smaller amounts 
than found by Benedict or with my dog. Dr. M. H. Givens at Yale has 
analyzed the urine of two fasting Dalmatians, obtaining figures more 
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In studying the purine enzymes of this dog the same methods 
were used as described in previous papers from this laboratory.* 
The dog was killed with chloroform, and the tissues, ground to a 
pulp, were allowed to act upon uric acid and purines both aerob- 
ically and anaerobically, with the following results. 

Experiment 1.—80 gm. of liver pulp were added to 0.240 gm. 
of uric acid dissolved with a minimum amount of NaOH in boiling 
water. The mixture was digested with toluene at 38—40°C. for 
24 hours, with a constant stream of warm moist air bubbling 
through it. At the end of this time the proteins were removed 
by coagulation and filtration. The filtrate contained only a very 
small amount of purine material, in which not a trace of urie acid 
could be detected. There was recovered from the scanty purine 
precipitate about 0.045 gm. of xanthine. The liver of this dog 
contains urtcase. 

Experiment 2.—80 gm. of liver pulp were digested with 0.229 
gm. of xanthine under the same aerobie conditions as described 
above. After the digestion there could be detected no uric acid 
in the mixture, but a considerable amount of xanthine, 0.150 gm. 
being recovered. This experiment indicates that the liver of this 
dog exhibits less xanthine-oxidase activity than is seen in other 
species of dogs, for ordinary dog liver tissue would have converted 
the xanthine into uric acid and destroyed it quantitatively under 
these conditions. The rather low recovery suggests that possibly 
there has been some xanthine-oxidase activity, but does not estab- 
lish it, since there are sources of quantitative error in this work. 


closely resembling those of Benedict and myself. He has authorized me 
to publish these results, Which were as follows: 


Weight of dog. Volume. Urie Acid. N. 
kg. ce. mg. 
16 455 214 
190 208 
2410 208 
10.5 330 232 
335 233 
300 213 


These figures show a daily excretion of 0.640 gm. and 0.678 gm. of urie 
acid for these dogs, or respectively 0.040 gm. and 0.064 gm. per kilo. 

Wells, H.G., J. Biol. Chem., 1900-10, vii, 171. Wells, H. G.. and Cald- 
well, G. T., tbid., 1914, xviii, 157. 
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The recovery of a small amount of xanthine in Experiment 1. 


furthermore, implies an almost or quite complete lack of xanthine 
oxidase. 
Experiment 3—Control to Experiment 1.) SO gm. of liver 
.) pulp were added to 0.240 gm. of ure acid, in solution, and the 
| | mixture was immediately brought to 100°C., and held at) this 
a. temperature for 30 minutes. 0.205 gm. of uric acid was recovered, 
.- after incubating with an air current as in Experiment. 1. 
ms Experiment 4.—62 gm. of kidney pulp were added to 0.240 gm. 
of urie acid and digested aerobically. O.150 of urie acid 
was recovered. Possibly there was a slight urieolytie activity by 
i the. kidney, but repetition of this result would be necessary to 
prove it. 
. Experiment 5.—31 gm. of spleen pulp were added to 0.229 em. 
a of xanthine and digested aerobically. No uric aeid could be re- 
if eovered or detected but 0.155 gm. of xanthine was found. Eevi- 
a dently the spleen lacks xanthine onxidsse. 
ay Experiment 6.—S8O0 gm. of liver pulp were placed in 400 ce. of 
ag water containing 0.120 gm. of guanine and 0.154 gm. of adenine. 
ae ; The mixture was digested under toluene, without aeration, for 7 
ae davs at 37°. Analysis vielded no guanine, 0.208 gm. of xanthine, 
a no adenine, and 0.172 gm. of hypoxanthine. Evidently the liver 
a) possesses guanase, and converts added guanine into Xanthine: 
a 7 also apparently it converts some of its Own purines into xanthine. 
ae It also contains adenase which converts adenine into hypo- 
: xanthine. 
ae From these experiments on a single specimen of Dalmatian 
a coach hound, it seems that this animal had uricase in its liver, 
a ' but probably not in the kidney. Vhis observation indicates that 
ae the constant excretion of large amounts of uric acid does not 
. depend upon the absence of uricase trom the tissues of this breed 
7 i of dog, although possibly there is a quantitative deficieney in 
- uricase activity that is net disclosed by our experiments. Further 
a B studies are necessary to determine this, but as vet no more Dalma- 
i =| tinns have become available. A surprising result is the apparent 
absence of xanthine oxidase in both the liver and spleen. It is 


unfortunate that we were unable to examine all the tissues of 
this dog to learn where it forms its uric acid. The absence of urt- 
ease from the kidney is to be expected in view of the free passage 


t 
| 
: 
> 
5 
5 
2 


H. G. Wells 225 


of urie acid through this organ. The presence of adenase and 
guanase in the liver indicates that in respect to the possession of 
these two enzymes the Dalmatian does not differ from other dogs, 
although we do not know whether these enzymes have the same 
wider distribution as in other species of dogs. 


SUMMARY. 


In corroboration of Benedict's observation, a Dalmatian coach 
hound was found to excrete large quantities of ure acid. The 
liver of this same dog possessed the power of destroving uric acid 
in vitro, indicating that the presence of uric acid in the urine of 
the Dalmatian does not depend on the absence of uricase in its 


tissues. The kidney did not exhibit urieolytie activity. Neither 


the liver nor spleen converted xanthine into uric acid, but the liver 
deaminized both guanine and adenine. 
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A NEW FORM OF COLORIMETER. 
By JOSEPH C. BOCK anp STANLEY R. BENEDICT. 


(From the Department of Chemistry, Cornell University Medical College, 
New York City.) 


PLATES 1 To 3. 


Reeeived for publication, June 19, 1918.) 


Recent vears have witnessed a phenomenal growth in the num- 
ber of colorimetric methods applicable in biological chemistry ; 
hence the colorimeter has become one of the instruments of prime 
importance to the biological chemist. Indeed, it is probably not 
an exaggeration to regard one or more colorimeters as part of the 
necessary equipment of the laboratory worker, the scientific elini- 
cian, and the medical student. 

The Duboseq colorimeter, introduced to the biological chemist 
by Folin, has until recently met practically all the demands for 
an ideal colorimeter. The expense of this instrument, together 
with the difficulty of obtaining it at present, has rendered it impera- 
tive that another colorimeter be developed in this country which 
should be both accurate and reasonable in price. These conditions 
have not, in our opinion, been met by any of the Duboseq type of 
colorimeters manufactured in this country at the present time. 

In devising the colorimeter to be deseribed in the present 
communication we have endeavored to construct an instrument 
which should meet all the requirements of accurate colorimetry, 
as emploved in biological chemistry, but which should be as 
simple in construction as 1s consistent with meeting these require- 
ments. 

In our instrument the costly and diffieultly obtainable prisms 
emploved in the Duboseq and similar instruments have been 
replaced by mirrors.!. common objection to mirrors in a 


| Colorimeters using mirrors have been described by several writers. 
Inthe arrangement of mirrors the well known Campbell-Hurley instrument 
most closely approximates our own. 
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colorimeter has been that their use involves too great a loss of 
light. We have found that where there is only a single reflection 
of the light and where very thin mirrors are used the loss of light 
is neghgible.  First-surface mirrors would be theoretically the 
best, but these are so easily ruined by necessary handling or clean- 
ing that they cannot be used. We have, therefore, emploved 
mirrors closely approximating first-surface mirrors, obtained by 
silvering the ordinary microscope cover-slip. The arrangement 
of the mirrors will be made plain by reference to Figs. 1, 2, and 3. 

The standard solution emploved in colorimetry is always set at 
uv fixed height. We have, therefore, deemed it unnecessary to 
have a movable plunger for the standard solution but have sub- 
stituted for this the use of a cell of known dimension, such as 15 
x 20mm. This makes it possibie to simplify the construction 
of the instrument greatly without impairing its value, since cells 
may be used from 5 to 20 mm. in diameter. 

Since colorimetric readings biological chemistry seldom 
require a greater depth than 25 mm., we have arranged for the 
movable cup to read only trom zero to a depth of about 30 mim. 
This, again, is done to cut the cost of manufacture and does not, 
we believe, impair the usefulness of the instrument. If necessary, 
a dilution of the standard will compensate for the shorter range of 
the seale. 

lig. | shows the colorimeter with the housing taken off and the 
diaphragm and standard cell removed’ The illuminating mirror 
Mois made by plating finely ground glass. ‘This kind of mirror 
is used to prevent direct reflection of objects being visible in the 
reflecting mirrors A and B. The illuminating mirror throws the 
light onto the reflecting mirrors A and B. The mirror B is so 
arranged as to take up half of the field of vision in the small 
telescope TT. Bis placed over the plunger, giving a reflection of 
eolor in the unknown solution which is contained in the movable 
eup ©. Between A and Ba cell WK containing the standard solu- 
tion is placed. Vhis cell is made of optical glass and the inside 
dimensions are exactly known. ‘The light from M is reflected by 
A and goes through the cell Ko and reaches the telescope making 

7 We are much indebted to Mr. G. F. Soderstrom, of the Department 
of Physiology, Cornell University Medieal College, for many helpful sug- 
gestions concerning the mechanical make-up of the instrument. 
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up the right side of the field. This side of the field is not change- 
able, whereas the left half, picturing the liquid column under the 
plunger, changes with the up and down movement of the cups 
containing the unknown solution. The standard is contained 
in the cell Kk. 


y 


It is planned at present to have two cells for cach instrument, F 
one having inside dimensions of 5 & LOmm. and the other 15 & 20 # 
mm. When filled to the top, the cup holds only about 5 ce. so 4 


that when the seale reading is about 30 mm, the cup contains 
approximately 2 ce. of liquid, allowing work with very small 


quantities. 

The rack and pinion are of brass and steel respectively, this 
combination being supposed to be the best safeguard against wear, 
All parts of the instrument are easily renewed in case they are 
broken; even the reflecting mirrors are replaceable in a few 
minutes. The plunger is adjustable and allows corrections in case 
the replacing of a cup or plunger should make this necessary. 
The telescope contains only a single lens. A small diaphragm 
I) (Fig. 2), is put between the mirrors and the telescope to vield 
a sharp and perfectly focused field. The top piece of the instru, 
ment, contaimmge the mirrors and cell, is protected by a remov- 
able housing H (Fig. 3). The whole instrument is very light and, 
at the same time, well balanced. A large spreading base makes 
the accidental upsetting of the apparatus very difficult. 

In order to use the colorimeter put empty, dry cell in place, | 
put on housing, and the cup at a distance so as to be equal to cell af 
diameter. Looking through the telescope, move the ilumi- 
nating mirror until both fields are exactly equal. Now put stand- a 
ard solution in the cell and unknown solution in the cup. Move et 
cup slowly up and down by means of pinion wheel until fields F 
appear even. Read scale. By turning the cell 90° another depth | 
of standard color is obtained. All readings must be taken with i 
housing in place (Fig. 3). oe 

The instrument in its present form is adapted to nearly all ag 
colorimetric work. We expect later to adapt the instrument to 
nephelometric work and are making investigations along this line 
at present. 

Concerning results obtainable with the new colorimeter, we may 
state that the readings appear quite as sharp as those given by 3 
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the best Duboseq instrument. We did not expect originally 
that a mirror instrument could yield the same light field and the 
sharp color change of the Duboseq instrument but 6 months of 
continuous work with the new instrument have convinced us that 
readings with this are as rapidly and as accurately made as with 
the Duboseq colorimeter. 

The new instrument is being made by the Klett Manufacturing 
Company, Inc., 202 East 46th Street, New York, and will cost 
about $35. 
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A RAPID METHOD FOR THE DETERMINATION OF IRON 
IN SMALL QUANTITIES OF BLOOD. 


By LOUIS BERMAN. 
(From the Chemical Laboratory of the Berwind Maternity Clinic, New York.) 
(Received for publication, May 21, 1918S.) 


In the method to be described the iron held in combination in 
Huid blood is split off by the action of concentrated hvdrobromic 
acid. The iron is oxidized to the ferrie condition and the organic 
matter is destroyed by potassium permanganate. The resultant 
solution is mixed with a solution of ammonium sulfocvanate in 
water and acetone and the color is compared with that of a standard 
iron solution similarly treated. 


The first to use the sulfocvanate method for the determination of iron 
in blood colorimetrically was apparently Lapieque.'| He ashed 2 gm. of 
blood with H.SO,. As his normal figure he obtained 44 mg. of Fe per LOO 
parts of blood. Some vears after, Jolles? published his clinical ferrometer. 
He, too, ashed a fairly large quantity of blood, but compared his colors inthe 
Fleischl-Miescher hemoglobinometer. As his normal figure he established 
62mg. per 100 ce. His method was severely criticized by J. Hladik? on 
various grounds. Jolles, however, has continued his elaims, and he- 
published a number of articles.4 Recently.’ he reviewed his method, still 
claiming accuracy for it. However, it has been discredited by a number 
of workers, among them Rosin and Jellinek® and Maver.’ There have been 
a number of other attempts to work out an accurate method of applying 
the sulfoevanate reaction to blood. Wolf and Marriott® introduced the use 


of acetone to improve the color. 


' Lupieque, L., Compt. rend. Soc. biol., 1889, xli, 167. 

2 Jolles, A., Monatsh. Chem., 1896, xvil, 677. 

Hladik, Wien. klin. Woch., 1898, xi, 74. 

Jolles, Deutsch. med. Woch., 1897, xxiii, 148; L898, xxiv, LO4; Wren. 
klin. Woch., 1899, xii, 672: Centralbl. inn. Med., 1899, xx, 681. 

* Jolles, Centralbl. inn. Med., 1916, xxxvii, 1. 

® Rosin, H., and Jellinek, S., Z. klin. Med., 1900, xxxix, 109. 

Maver, A., Z. klin. Med., 1903, xlix, 475. 

‘Wolf, C. G. L., and Marriott, W. Mek., J. Biol. Chem., 1905-1906, i, 
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232 Iron in Blood 


A critical discussion of these various methods is beyond the scope of 
this paper. As was pointed out by Letsche® in all the methods in use, 
the blood is first ashed, and then a determination of the inorganic iron is 
made. This has demanded, for accurate work, the employment of large 
amounts of blood, as the degree of error produced by the manipulations in 
ashing and redissolving made it necessary. Besides, even with small 
amounts, the processes arelong andtedious. In that of Wolf and Marriott, 
for example, an hour to an hour and a half are necessary even in practised 
hands. Thetime and number of steps involved explain why these methods 
never came into general use. 


In the method to be described, the ashing process is eliminated, 
and a complete determination may be made in 10 to 15 minutes. 


Method. 


Blood is obtained in the usual manner for determining hemo- 
globin with the Sahli apparatus, by pricking the finger or ear lobe. 
To 0.040 ee. of blood, measured in a calibrated pipette, mixed with 
2 ec. of water and 0.2 ce. of 0.1 N HCl, 2 ee. of 0.1 nN KMnO, 
are added. Then the mixture is placed in a water bath for about 
2 minutes, when a brownish red coagulum results, supernatant 
above a colorless or slightly vellowish fluid. To this two drops of 
concentrated hydrobromie acid are added. The tube is returned 
to the water bath for another 2 minutes. The product should 
be a water-clear fluid containing a few whitish flakes. The 
solution is filtered through acid-washed filter paper into a long 
narrow graduate. Washings are added until the filtrate has 
reached the 5 ce. mark. Then 5N NHsCNS is added up to 10 cc., 
and acetone up to 20. The graduate is stoppered, and the fluids 
are mixed. A shrinkage of volume occurs. Acetone is added 
again to the 20 ce. mark, and the graduate is stoppered. A 
salmon-red color is produced. | 

The standard, which may be prepared at the same time as the 
blood, is made by adding two drops of concentrated hyvdrobromic 
acid to 2 ce. of the standard iron solution containing 0.009 mg. of 
Fe per ec., and keeping it in the water bath for 2 to 4 minutes. It 
also is made up to 5 ce. with water, to 10 ec. with 5 Nn NHgCNS, 
and to 20 ec. with acetone in a narrow graduate, which is stoppered 


* Letsche, k., Handb. Biochem. Method, Berlin and Vienna, 1911, v, pt. 
i, 139 
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and shaken. After the shrinkage incidental to the mixture of 
fluids, acetone is added up to 20 ce. and the graduate is stoppered 
and shaken. 

Allow both graduates to stand for 5 minutes. 

Comparison may be best made in a Duboseq or Kober color- 


10 
imeter, with the standard set at 10.) The calculation is R « 45 


= number of mg. of Fe per 100 ce. of blood. The comparison 
must be made as quickly as possible, as the acetone evaporates on 
exposure to the air, although about equally in both cups. 

Obtaining Blood.—The ubiquity of iron makes special care to 
avoid outside contamination necessary in obtaining the blood. 
The finger or ear lobe should be well cleansed with water and ether 
before pricking. A free flow, without squeezing, should be ob- 
tained. Citrate and oxalate do not interfere with the determina- 
tion, so that blood drawn by venepuncture and so treated can be 
analyzed for iron by the method. Corpuscles and plasma should, 
of course, be well mixed before being drawn into the pipette. — If 
possible, the blood should be drawn in the morning before break- 
fast in order to have as constant a condition of the blood volume 
as possible. 

The pipette should be calibrated by weighing the water it holds. 
The blood should always be rinsed into the 2 ec. of water plus 
0.2 cc. of 0.1. N HCl The least amount of blood with which the 
determination may be made satisfactorily 1s 0.040 ce. 

Hydrobromic Acid. -The hydrobromic acid was the pure con- 
centrated hydrobromic acid, 34 per cent strength. ‘The drops 
delivered from the pipette were of approximately O.1 ce. each. 
If the two drops added to the permanganate coagulum do not clear 
it up on boiling, another drop may be added to it as well as to the 
standard. 

Permanganate.—The permanganate used should be iron-free, 
as determined by a blank. If it is not, repeated recrystallization 
of the commercial product is necessary. Reliable commercial 
firms, however, furnish an iron-free permanganate. The 0.1 N 
solution should be kept from the light in a dark bottle. 

Standard Iron Solutions.—These are most easily prepared from 
chemically pure ferric chloride (FeCl,.6H2O). The standard 
prepared and used, as proposed by us, contains an amount of tron 
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equal to that in the hemoglobin of 0.040 ec. of blood when the 
hemoglobin content is 100 per cent in the Haldane seale; 7.e., 13.6 


. 4 | : gm. of hemoglobin per 100 ec. of blood binding 18.5 ce. of oxygen. 
a The figure 13.6 gm. of hemoglobin per 100 ec. as a basis may be 
| derived from Hiifner’s!® finding that 1 gm. of hemoglobin will com- 
i bine with 1.36 ec. of oxygen. This has been confirmed by a num- 
a ber of investigators. If 1 gm. of hemoglobin will combine with 
By 1.36 ce. of oxygen, 18.5 ec. of oxygen will combine with 13.6 gm. 
of hemoglobin. Butterfield,' as others before him, has shown that 

" the iron content of 1 gm. of hemoglobin is constant, lving between 


0.33 and 0.34 per cent, that is, one three-hundredth of the mole- 
cule. One three-hundredth of 13.6 gives 45 mg. of Fe per 100ce. 
of standard blood. This is the standard used in the determination 
of iron. It may be made up from a concentrated solution of 
ferric chloride, 4.855 gm. of FeCl,.6H.2O in a liter of water, by 
i taking 1 ec. and making up to 100 ce. with water, which is the 
standard solution containing 0.009 mg. of Fe per ce. 
if | If the hemoglobin is much higher than the normal, other stand- 
ards can be used, corresponding respectively to 25, 35, 55, and 65 


| a mg. of Fe per 100 ce. of blood. In the note on the colorimetric 
Ee | eomparison reference will be made to this. 

_ Ammonium Sulfocyanate.—This is prepared as 5 N in order to 
ee have a concentrated solution which reduces the degree of dis- 
Be sociation of the ferric sulfocyanate into the colorless ions. It 
A should be kept in a dark bottle away from the light. 

Comparison in Colorimeters.—Duboseq and Kober colorimeters 
‘ae proved suitable for this work. A comparison of the standard 
is itself should always be carried out quickly. Readings can be 


made in daylight, preferably from a north window, or with arti- 
ficial light filtered through “daylight glass.’"” The average of at 
least four readings, quickly done before the acetone evaporates, 1s 
taken. As in all colorimetric readings, if the reading falls below 
: 12crabove & (the standard being at 10) a reading should be made 
with one of the other standards mentioned above. Indeed, the 
standard to be used should depend upon the hemoglobin reading; 
e.g., With 50 per cent hemoglobin the standard corresponding to 
25 mg. of Fe per 100 ec. of blood should be used (that is 0.005 


ty 


1° Hiifnmer, G., Arch. Physiol., 1894, 130. 
1! Butterfield, KE. E., Z. physiol. Chem., 1909, Ixit, 173. 
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mg. of Fe per cc. of standard iron solution). For every 5 mg. 
above or below the standard of 45 mg. of Fe per 100 ec., 0.001 mg. 
is added to or subtracted from the standard of 0.009 mg. of Fe per 
ec. Ordinarily, the latter standard, corresponding to 45 mg. 
of Fe per 100 ee., 1s used. 

Accuracy of the Method.—The measurements of the blood and 
that of the Fe inthe standard are the steps upon which the accu- 
racy of the whole method depends (assuming that the colorimetryv 
is Satisfactory). They should therefore be executed with extreme 
‘are with pipettes calibrated by the analyst. The evaporation 
of the acetone is guarded against by the employment of long nar- 
row graduates with stoppers. Where evaporation is most dis- 
turbing is in the colorimeter cups, where readings must be done 
quickly and with the liquid at equal levels in both cups. 

A number of dupheate determinations on a series of bloods 
never showed a difference of more than 1 per cent. A series of 
twenty determinations on the same blood never showed a greater 
error. 

To compare the results of the method with a volumetric method 
applied to the ash of 5 ce. of blood, that of Wolter’ was used 
TABLE 

Pe determination 


Blood sample . 
5 ce. blood 0.049 blood 


(volumetric). (colorimetric). Difference. 
mg. per 10) ce. mg per 100 ce. 

| 48.2 —().4 1) S2 

2 a2. 4 1.14 

405 4H 4 0.25 

49.6 49 2? —) 4 

ty +0 1 


The agreement is close enough to show the accuracy of the method. 


SUMMARY. 


A method for the determination of iron in as smalla quantity 
of blood as 0.040 ec., using but three simple reagents, in 10 tol5 
minutes is deseribed. 


12 Wolter. O., Biochem. Z., 1910, xxiv, LOS. 
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I wish to express my obligations to Dr. Herman Schwarz of 
New York, and to Dr. Donald D. Van Slyke and Mr. J. R. Plazin of 
the Hospital of The Rockefeller Institute for Medical Research, 
for their kind suggestions and criticism during the course of 
the work. 
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THE DETERMINATION OF BUFFER EFFECTS IN MEAS- 
URING RESPIRATION. 


By W. J. V. OSTERHOUT. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge. ) 


(Received for publieation, June 18, 1918.) 


The indicator method of measuring respiration, as described by 
Haas,'! has proved useful for a variety of purposes. It consists 
in placing organisms in a solution containing an indicator and 
observing changes in color produced by the giving off of COs. 
Since the acidity and color are affected by substances having a 
buffer action it is evident that when such substances are present 
the amount of buffer action must be measured. This may be 
done by means of the apparatus shown in Fig. 1. 

The apparatus consists of a capillary tube A, connected by 
rubber tubing to the Y-tubes B and © (with the thistle tubes, D 
and E), and provided with the screw clamps I, G, H, and J. 

In using the apparatus all the clamps are opened and a stream 
of COs is allowed to flow in from a generator” After all the air 
has been driven out of A, B,C, D, and FE by the stream of COs. 
the clamp G is closed (while the stream of COs is still running). 
The clamp F is then closed and mercury is instantly poured into 
Kk. The stream of CO. now runs through D; while it is still run- 
ning the clamp H is closed and mercury instantly poured into D. 

The clamp F is now cautiously opened, allowing mercury to 
run into A to any desired distance (raising and lowering I. helps 
to regulate this). The clamp H is then opened, allowing mereury 
to run in until it becomes visible in A; J is then closed. 


1 Haas, A. R., Sctence, 1916, xliv, 105. 

* Before entering the apparatus the CO, bubbles through saturated 
aqueous NaHCO, and then passes through a tower containing glass beads, 
wet with saturated solution of NaHCQO;; this removes HCl. The CO, 
should be allowed to run until it issues from the apparatus free from air. 
The gas, as it issues from the apparatus, may be tested for the presence 
of air by collecting it over mercury and introducing NaOH to absorb 
the COs. 
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The tube C (with its connections) is removed from <A, leav- 
ing the end of A free and allowing some of the mercury to escape. 
The COs, contained in A is now at atmospheric pressure and is 
confined by a column of mercury at either end. The length of 
the column of CO, in A is now carefully measured and the tem- 
perature noted. If A has been previously calibrated the amount 
of COs contained in A ean be determined. 

The free end of Ais now thrust into the opening in the stopper 
S (this opening is too small to permit the escape of the liquid which 


fills the tube P). In so doing care is taken not to introduee air 


A 


hic. 1. Apparatus for the determination of buffer effeets by adding a 
measured amount of CO, to a known volume of liquid. The CO» contained 
in the tube A is forced into the tube P. which is filled with Iquid con- 
taining an indicator. 


into P (whieh has previously been filled with liquid in such a 
manner as to exclude air, the clamp at O being closed soon after- 
ward). 

The clamps Jo and © are now slightly opened and the CO, 
contained in A is forced into P by the pressure of mercury admitted 
from D (by opening the clamp H) or by squeezing the rubber 
tubing in the neighborhood of J. By lowering D and by squeezing, 
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It is possible to admit about the same amount of mercury into P 
in each experiment. It is desirable to keep the amount as con- 
stant as possible. 

As soon as this has happened the clamp © is closed. A minute 
bubble of air may enter with the CO. but this may be treated as a 
constant error and disregarded. 

By inclining P, the COs can be made to move back and forth 
antil all of it is dissolved and umiformly mixed with the liquid 
the mercury which is admitted with the COs. acts as a stirrer). 

The hquid in P contains an indicator and its pH value is carefully 
determined before and after the entrance of the CO. by comparing 
its color with that of a series of buffer solutions® (contained in 
Pyrex tubes of the same size and having the same concentration 
of indicator). Knowing the volume of liquid in P and the amount 
of COs introduced, it is easy to determine the change in pH pro- 
duced by a given amount of CQ.. In order that this change shall 
not be affected by substances given off by the glass or by the rub- 
ber, the rubber should be coated with paraffin which does not give 
off acid,’ and the apparatus must be tested by allowing the liquid 
to stand in it for a period somewhat longer than that of an ordi- 
narv experiment tosee whether any change inpH occurs. Mercury 
should then be introduced to see whether it produces any effect; 
this is not the case if it is pure, but impure mercury may affect 
the results. 

In actual practice it will be found that the relative sizes of A 
and P may be varied considerably. In order that the stopper S 
may be sufficiently large the bore of P should be about 2? of 
an inch. 

The apparatus plavs an indispensable rédle in the study of 
respiration by enabling us to ascertain the amount of buffer 
effect produced by the reagents which are added to the water 
containing the organisms. For this purpose we first determine 
the change in pH produced in the water by a given quantity of 
(‘Q.; the reagent is then added and a fresh determination 1s made 
with approximately the same amount of COs. Usually the 
amount added is not quite the same, owing to difficulties of manip- 
ulation; several determinations are therefore made with varving 


3 Cf. Osterhout, W. J. V., and Haas, A. R. C., Sevenee, 1918, xliv, 420, 
footnote 7. 
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240 Buffer Effects 
amounts and a curve is drawn from which the desired figures can 
be obtained by interpolation. When the buffer effect is ascer- 
tained it is a simple matter to make a correction for it. 
SUMMARY. 
; In measuring respiration by the indicator method it is necessary 
i to determine the buffer effect of added reagents. ‘This may be 
; , done by the apparatus here deseribed, which permits the addition 
: of measured quantities of CO, to known volumes of liquid whose 
pH value is determined before and after the addition of the CO., 
q 
i 
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STUDIES IN CALCIUM AND MAGNESIUM METABOLISM. 


V. FURTHER OBSERVATIONS ON THE EFFECT OF ACID AND 
OTHER DIETARY FACTORS.* 
By MAURICE H. GIVENS. 
(From the Sheflield Laboratory of Physiological Chem/stry, Yale University, 
New Haven.) 


‘Reeeived for publication, June 4, 1918.) 


Calcium has long been considered one of the inorganic elements 
indispensable for the well being of both the adolescent and the 
adult organism. In the food it is always accompanied by more or 
less magnesium; but what physiological rdle the latter plays has 
not been definitely determined. Just recently renewed emphasis 
has been placed upon the necessity of a suitable supply of calcium 
in the nutrition of growth.' One can now appreciate better than 
ever the possibility of a deficit of calcium in the pregnant individual 
and the subsequent importance of lime in the food for the growing 
young. Consequently adequate information regarding the fae- 
tors that may influence the metabolism of caleium is highly de- 
sirable. Attention has been called to this in the publications of 
Givens and Mendel and of Stehle. 

Givens and Mendel have reported that: 

“Administration of base or acid produced no significant effeet upon the 
balance of nitrogen, caleitum, magnesium, and phosphorus in the dog. 

‘Administration of hvdrochlorie acid increased the urinary excretion of 
calcium and thereby altered the relation of calcium to magnesium in the 
urine.”’ 


Simultaneously with the appearance of this statement came 
the conclusion reported by Stehle* that: 


* A preliminary report appeared in Proc. Soc. Exp. Biol. and Med., 
1917-18, xv, 66. 
t Seessel Research Fellow in Yale University. 
1 Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 1918, xxxiv, 131. 
? Givens, M. H., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 421. 
Stehle, R. L., J. Biol. Chem., 1917, xxxi, 461. 
241 
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The administration of hydrochloric acid by mouth to the dog causes 
an increased excretion of calcium and magnesium as well as of sodium and 
potassium but in the case of the latter pair a compensatory retention 
makes the loss apparent rather than real. 

“If an analogous condition holds in human diabetes the resulting cal- 
cium loss may be something to take into consideration in the treatment of 
diabetie patients in whom the excretion of hydroxybutyrie acid has reached 
significant figure.’”’ 


Stehle based his conclusions on an experiment conducted upon 
a dog to which he fed either glycocoll hydrochloride or hydro- 
chlorie acid for several days; he then analyzed the excreta. He 
used a diet decidedly poor in lime—one which was certainly 
inadequate for the needs of his dog—and drew his conclusions 
respecting losses on the basis of the extra amount excreted in 
the acid-feeding periods over that of the fore periods. Stehle 
did not control his results by a similar experiment on a high lime 
diet; consequently the reported output of lime may have been 


augmented by the demand of the tissues for more of this element 


as the period of shortage increased. In fact the after periods 
never reached the level of the fore period in respect to the caleium 
output, but in each succeeding after period it was slightly higher. 
He rightly states, as his charts show, that ammonia ‘‘is the great 
factor In neutralizing the acid administered.” 

In an endeavor to obtain an explanation of these apparent 
discrepancies new experiments have been conducted on two dogs. 


Methods. 


As in our former study upon this subject the intake and output 
of ealelum, magnesium, and nitrogen were determined and from 
these data corresponding balances for these elements calculated. 
The calcium and magnesium determinations in urine were made 
2ecording to the procedure already outlined” The caleium and 
magnesium content of the foods and feces was estimated according 
to MeCrudden’s directions.4.| Nitrogen was determined in all cases 
by a Kjeldahl method. 

The meats used were bought in large quantities, cleaned free 
of visible fat, fascia, and tendons, hashed thoroughly by run- 
ning through an electric meat grinder several times, immediately 

*MeCrudden, F. H., J. Biol. Chem., 1911-12, x, U7. 
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weighed out in definite quantities, wrapped in paraffined paper, 
and stored in a frozen state. One lot of cracker meal served for 
all experiments. The dried skimmed milk was Merrell-Soule 
Company's “Merso.’” Analyzed agar-agar was used to afford 
bulk and insure a daily evacuation of the bowels. Only distilled 
water was allowed. 

The feces were marked off by feeding an adequate dose of car- 
mine intimately mixed with the food of the first meal of each 
period. This diet was never refused. This mode of administer- 
ing the marker appears to be preferable to feeding the dve or cork 
im capsules, 

The dogs were catheterized every 72 hours with due antiseptic 
precautions, 

EXPERIMENTAL. 


If the excretion of caletum or magnesium is influenced, by acid 
introduced with the food, or contained in the latter in some po- 
tential form, or arising in the intestinal tract from = alimentary 
changes, such an outcome ought to be revealed when a fixed acid 
is administered during a regimen furnishing known intakes of 
these elements. It does not follow, however, that the effeet of 
acids arising In perverted intermediary metabolism will be en- 
tirely comparable with that exerted by acids which gain entrance 
into the organism through the alimentary path. Thus acids 
introduced into the gastrointestinal canal may become neutralized 
and exhibit. effects attributable to the neutralization products 
rather than to the acids per se. 

In the experiments following, hydrochloric acid has been intro- 
duced by sound into the stomach 1 to 15 hours after meals when 
the diet was rich and again when it was low in lime. To simulate 
the possible effeet of hydrochloric acid neutralized, the influence 
of sodium chloride on the excretion was also investigated during a 
period of high lime feeding. 

Table I gives the composition of the diets and the analyses of 
the various components. 

To be sure that the water introduced in giving the dilute acid 
did not affect the excretion of caleitum and magnesium by a 

> For the dried skimmed milk, ** Merso,’’ we are indebted to the Merrell- 
Soule Co., Svracuse, 
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TABLE I. 
Composition of Daily Diets. 


Diet. | N Cu Mg 
A (poorer in ealcium).......... 10.08 7s | 86 


Analyses of the Components of the Diets. 


N Ca Me 
per per cent cont 
Cracker meal...... 1 66 0 O26 0 
Dried skimmed milk (Merso) 5 1.306 0.122 


* The diserepancies between these analyses are due to the presence of 


sand in Agar-agar 1, 


resultant increased volume of urine this possibility was tested by 
giving 200 cc. of water by sound to Dog N on two successive days. 
In the acid-feeding periods, 2 gm. of hydrochloric acid per day 
in a volume of 200 ce. were given by sound. When sodium 
chloride was introduced it was mixed directly with the food. 
The statistics of the experiments are shown in Tables IT and IIT. 


Nitrogen, 


In the case of Dog M there was a slight rise in the urinary 
nitrogen when the acid was superimposed upon diet B. With 
the exception of a slight negative nitrogen balance in this period 
both dogs were always In a good positive nitrogen balance. Con- 
sequently we may conclude that neither acid nor sodium chloride, 
in the amounts here introduced, has a significant effect upon the 
nitrogen excretion of the dog. 


On the acid-free diets A, B, and B,, whether low or high inlime, 
Dog M had an average daily urinary excretion of 10 to 12 mg. of 
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ealcrum. Dog N did not show such a constant output on the 
same diets, the calcium in the urine varying from 15 to 34 mg. per 
day. This discrepancy between two animals of the same species 
ix comparable to the variations noted between different men.° 
When Dog M on the low lime diet A reeeived 2 gm. of hydro- 
chlorie acid per day for a period of 12 days its daily exeretion of 
ealclum increased to 23 to 28 mg.; that is, over LOO per cent. 
The response in increased urinary lime was prompt and constant. 
When the acid in the same amount and over the same period ot 
time was introduced during the high lime dietary period there 
Was an increased urimary excretion: but the rise was gradual-— 
lfing. on the Ist day and 80 mg. on the 12th day or increases 
of 16 and 150 per cent respectively above the average normal. 


TABLE 
Nitrogen, Calerum, and Magnesium Metabolism. 
Dog M. Averages per Day. 


“Intake. Urine Balance 


= = Daily additions N Ca' Mg: N | Mg N Mey 
Ag. mig. mg. qm. mg. mg gin. mig. mig 
321.5 A §.21' 9 3S 
8.26 10 400.94 525 65 +0.9 —256 —18 
3/21.3) HCL 8.94 23 45 
| 3 9.03 28 32 
9.14 28 400.71256 49 +0.4 —204 —2 


— 
— 
- 


21.2) 9.28 13. 33 | 
| 340.71570 SE +05 —151 —8 
“ | 2gm. HCl /10.3; 1439 


— 
< 


5 
3 
3 
3 10.4 21 35 
3 |“); 2 9,83! 30} 3410. 771654) 88 —0.3\—244\—16 
V | 320.0; “ | 19 ES 
3 8.78 11 39080643 8440.3 -190 +5 
VI | 320.5; “ | 3.21 gm. NaCl | 8.64 16 47) | | 
* S.82 21 440.79608 8240.5 —-152 +2 


® Givens, M. H., J. Biol. Chem., 1918, xxxiv, 119. 
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TABLE III. 


Nitrogen, Calcium, and Magnesium Metabolism. 
Dog N. Averages per Day. 


Intake. | Urine. | Feces. | Balance. 
= Daily additions, N Mec N Ca | Mic N | Ca Meg 
te. | gm. mg. mg. gm. mg. mg_ gm. | mig. | mg. 
3 26 260.54355 69 +0.5 —307 —13 
323.5 “ 200ce. 8.06 27 27:0.60351) 71 +1.4 
Hl 3235 2gm. HCl | 8.3255 | 
3 9.07 58 340.45312 58 +0.8 —291 —6 
IV 3:23.2) B | | 8.75) 26) 26) | 
9.59 19 260.53671 94 — 263 —13 
3 
3 2“ “10.5 | 47) 350.45.656) 91 267-17 
Vii 322.3) « 9.76) 23° 29 | | 
3 | 9.60, 36 || | 
3 «15 840.51 645 93 +0038 — 205 
VII | 322.2) “ | 3.21 gm. NaCl | 8.76) 18) 32 ! 
3 0.04 31 30 
S88 41 250.47 627 95 40.7 —-183 +4 


When sodium chloride equivalent to the amount of acid given in 
the experiments was mixed with the food of diet B,, the daily 
calcium excretion increased from 11 mg. to 16 mg. on this salt 
régime. When double the amount of salt was added to the diet, 
there was a further slight rise, and likewise a still further increased 
output of caletum when three times as much salt was fed. In the 
lnst period of highest salt intake there was a slight diuresis but 
not sufficient to account for the increased caleium output. Judg- 
ing by our analyses of human urines we doubt whether any ordi- 
nary diuresis will appreciably increase the output of the alkali 

It will be observed from the tables that comparable results were 
obtained upon Dog N. In as far as the increased urinary output 
of calemm, after acid introduction, is concerned these results 
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confirm those previously reported by Givens and Mendel and by 
Stehle. 

Inasmuch as the fecal excretion represents both absorbed and 
reexcreted calcium it is practically impossible to disentangle these 
factors by an analysis of the feces collected in a given period. 
The individual periods of collection have been made long—usually 
6 to 12 days—to make the balances more representative. 

On the diet low in lime the acid provoked a decreased fecal 
excretion of calcium in the case of Dog M; but had practically 
no effect on Dog N. Accordingly the calcium balance was favor- 
ably influenced by the acid in one case and not affected by it in 
the other. 

When the intake of lime was higher the figures for the feeal 
excretion of calcium during acid ingestion for Dog M are larger 
than in the fore period but of the same magnitude as those of 
the after period. This cannot be ascribed to aso called lag as the 
after period was 9 days in duration. It seems more plausible 
to assume that in the fore period on the high lime intake the 
animal was trying to store up some lime affer its depletion by the 
former low lime régime. The sodium chloride has, if anything, 
slightly decreased the fecal loss of lime. Dog N, on the other 
hand, showed no marked change in the fecal excretion of lime under 
any of the dietary alterations, although there are indications 
that the acid and salt have tended to decrease the lime excretion 
through the feces in this animal. 

The balances show that, on the high lime diet, the acid hada 
slightly unfavorable influence upon one animal, but hardly 
affected the other. These results confirm our former statement 
that administration of acid produces no significant effect upon the 
halance of calctum in the dog. They do not lend support to 
Stehle’s conclusion. 


Magnesium. 


The variations in the urinary magnesium excretion of both dogs 
on either of the diets were so slight that it appeared that neither 
the acid nor the salt introduced into the organism had any effect 
upon the elimination of this element by the kidneys. The fecal 
excretion of magnesium likewise was not appreciably affected by 
any procedure. 
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The average daily magnesium balance of both animals in most 
of the periods was slightly negative. Where it was on the plus 
side the gain was so small as to be without advantage. 


Calcium-Magnesium Relationship. 


Dog M always excreted by way of the kidneys more magnesium 
than calcium. The relationship between the elements was only 
altered by the inereased urinary calcium in the acid periods. 
The fecal excretion of calcium, of course, always decidedly pre- 
ponderated over that of the magnesium. 

In the case of Dog N the relation of caletum to magnesium 
approached 1:1 unless the urinary calcium output was increased 
by either acid or sodium chloride. The ratio of caletum = to 
inagnesium in the feces was always decidedly in favor of the 
ealerum, as in the other dog. 


DISCUSSION. 


It does not seem permissible to make decisive statements re- 
garding the influence of any substance upon the excretion of the 
alkalt earths unless the outcome has been very marked. If it 
were practicable to carry out feeding experiments with these 
elements without the possibility of a reexeretion after absorption 
then one could make statements with more certainty. 

On a low lime intake the administration of acid) promptly 
increased the excretion of caletum by the kidneys. Such was not 
the case whey the diet contained an amount of lime which ap- 
proached the requirement of the animal; there was 2a response 
atoonce, but it took several days for the amount of the excreted 
element to reach the level of the first acid period on the low lime 
Intake. A temporary protection was evident. 

With both dogs on the low lime diet the output of ealerum, by 
way of the intestines, was apparently slightly decreased by the 
ingestion of acid. On the high lime intake during acid admin- 
istration, Dog M showed an increased output of calcium if we judge 
by the fore period, whereas from the after period the indications 
are that the fecal excretion of lime was not influenced by theacid. 
This idea is strengthened by the fact that the output in the period 
following the after period was of about the same magnitude. 
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It seems likely that in the fore period the dog was trving to store 
up some lime after having been on the low lime intake for so long 
a time. 

With Dog N the fecal excretion of caleium on the high lime diet 
during acid ingestion was scarcely altered. 

If any conelusions are to be drawn regarding the influence of 
acid ingestion upon the excretion of alkali earths it seems most 
logical to depend on balance experiments and not upon a compari- 
son of the fecal outputs or data in which the fore period or after 
period is taken as a basis, as Stehle has done. 

The negative ealetum balance in the case of Dog M on the 
diet low im lime was reduced by acid administration. In this 
dog, when the intake of calcium was increased, the acid appears 
to have increased the negative caletum balance; while the ad- 
ministration of sodium chloride slightly reduced the negative 
balance of lime. 

In Dog N the acid did not alter the calcium balance during 
the low lime feeding, On the increased lime intake the super- 
imposed acid has not affected the balance of ealetum if the fore 
period is used as a basis for comparison, whereas uo the atter 
period is used, the acid did slightly increase the negative calcium 
balance. The later comparison does not seem justifiable, for 
if the acid is capable of exerting an influence it certainly ought 
to have done so in a period of 12 days. The sodium chloride 
apparently reduced the negative calcium balance, as it) did) in 
the case of Dog M. 

If caleium plays any réle at all as a neutralizing agent in the 
acidosis provoked by introduction of a mineral acid it is at best 
avery small one. The store of caletum in the organism: is in the 
bones and not in the soft tissues. To affect this store a very 
large dose of acid must be used. Thus Steenbock, Nelson, and 
Hart? did not consider that they had affected the bones of a calt 
until they gave it as much as 400 cc. of normal hydrochloric acid 
daily. They thought then that only the calcium carbonate of the 
bones was affected and not the calcium phosphate, as the phos- 
phorus in the urine was not increased. When doses of acid 
comparable to those emploved by Stehle or ourselves were used 

Steenbock, H., Nelson, V. and Hart E. B., J. Biol. Chem., 1914, 
XIX, 399. 
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they found the neutralization to be accomplished by ammonia. 
Many other experiments® could be cited showing that ammonia Is 
the dominant factor in neutralizing acid introduced or formed 
during metabolism, but the point has been demonstrated in so 
many experiments on man and animals that it is now a generally 
accepted fact. 

Albu and Neuberg?® state that the degree of calcium absorption 
depends in part upon what other salts are taken with the nourish- 
ment; especially is it claimed that sodium chloride increases the 
absorption of calcium. Concerning the effeet of sodium chloride 
on caleium excretion we have been able to find in the literature 
only one direct experiment. Von Wendt!® after feeding this salt 
to man in increasing amounts on a known diet received on the 
corresponding days a progressive increase in the urinary excre- 
tion of calcium. In this respeet our experiments on dogs cor- 
respond with his findings. The unfavorable influence on the 
balance of calcium after sodium chloride feeding, reported by von 
Wendt, has not been duplicated in our observations. 


SUMMARY. 


As a result of new experiments we are able to confirm our 
previous statement that ingested hydrochloric acid is without 
marked influence on the ealetum and magnesium metabolism of 
the dog. The previously reported increased urinary elimination 
of calcium after acid consumption has been observed anew; but 
the absolute amount of this increase was not sufficient to affect 
to anv noticeable degree the caletum balance. 


* Concerning the role plaved by ammonia in neutralizing acid, see: in 
the case of the dog, Eppinger, H., Z. erp. Path. u. Therap., 1906, iti, 530; 
Eeppinger, H., and Tedesko, F., Biochem. Z., 1909, xvi, 207; Seechi, R., 
Ixvil, 143; 1n the rabbit, Walter, F., Arch. exp. Path. u. Pharma- 
kol., UST77, vit, 148; Winterberg, H., Z. physiol. Chem., 1898, xxv, 202; 
Kppinger, Wien. klin. Woch., 1906, xix, 111; Seechi, loc. crt.; in the pig, 
MeCollum, EF. V., and Hoagland, D. R., J. Biol. Chem., 1913-14, xvi, 299; 
in the sheep, Eppinger and Tedesko, loc. c/t.; in man, Seechi, loc. ect., 
Begun, A., Hermann, R., and Miinzer, E., Biochem. Z., 1915, Ixxi, 255. 

* Albu, A., and Neuberg, C., Physiologie und Pathologie des Mineral- 
stoffwechsels, Berlin, LOQ6. 

1° von Wendt. G.. Skand. Arch. Phystol., 1905, xvii, 211. 
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The magnesium balance and the partition of this element be- 
tween the different paths of excretion was not significantly altered. 

Sodium chloride (which might arise through the neutralization 
of ingested hydrochloric acid) was fed in increasing amounts and 
produced a corresponding increase of calcium in the urine without 
noticeably affecting the balance of calcium. It was without any 
decided effect upon the exeretion of magnesium. 


My thanks are due Professor Lafavette B. Mendel for his 
criticisms. 
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THE PROPERTIES AND COMPOSITION OF OOCYTIN.* 
By GUY W. CLARA. 
(From the Department of Biochemistry and Pharmacology, Rudolph Spreckels 
Physiological Laboratory, rsity of Californ ia, Berke ley. 


Received for publieation, May 31, 191s.) 


In 1908S Loeb (1) discovered that mammahan blood serum 
possessed the property of mducing the formation of fertilization 
membranes and the initial stages of development im sea urchin 
eggs which had previously been immersed in SrCl. solution. He 
also showed that the active substance is precipitable by acetone 
and destroved by heating. 

In 1912 Robertson (2) reported the isolation of a small fraction 
from mammahan blood serum which he designated ‘‘oocytin”’ 
and which he found to possess the same power of inducing the 
formation of fertilization membranes as the whole serum. 

To obtain sufficient material for a more complete study it was 
necessary to work over large quantities of blood. Through the 
courtesy of the Oakland Meat and Packing Company it was 
possible to obtain an unlimited supply of fresh, defibrinated beet 
blood. The vield of serum from defibrinated blood varies greatly 
with different animals, centrifuging for an hour, at a rate of 3,000 
revolutions per minute, vielding from 25 to 40 per cent of serum. 

From a series of preliminary experiments it was found that the 
following procedures gave the maximum vield of ooeyvtin: 

l. The defibrinated blood and serum are kept cool (in a refrigerator). 

2. 100 ce. of 10 per cent barium chloride solution are added, with con- 
stant stirring, to each liter of serum. This mixture is also kept in a cool 
place for 48 hours, when the supernatant fluid can be deeanted. The 
residue is washed several times with large volumes of 2 per cent barium 
chloride solution to remove all traces of serum. 

3. The residue from above is stirred with 0.1 HCl (warmed to 45°C. ), 
using OO ce. of acid for each liter of serum. After stirring for an hour or 


“Submitted in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy at the University of California. 
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4 more the mixture is centrifuged and to the clear liquid thus obtained, an 
ot equal volume of 0.1 N H,SOgis added. This solution is allowed to stand ina 
i. warm place (40°C.) for 24 hours and then thoroughly centrifuged to remove 
a BaSO,. (The solution should contain an excess of sulfate ions. ) 

* 4. Four to five volumes of best grade acetone are now added to the acid 
| solution and the mixture is put in a cool place for 8 hours or more. The 
i acetone-acid solution is then siphoned off, the precipitate collected on a 


hardened filter, washed with absolute aleohol, and finally with anhydrous 
ether. The ether-moist precipitate is placed in an incubator containing 
H.SQO, and dried for 48 hours at 38°C. 


TABLE 


Elementary Composition of Oocytin. 


Date of Car.- Nitro- \s] Phos Suliur.? 
ple preparation bon.* gen.* gen 
ference I 
percent percent percen! percent per cent percent percent 
B July, 1917 | 32.26 6.44 | 9.46 | 33.50: 21.2). | 0.% 
| ( a 
A Aug. 39.05: 7.97 (12.81 31.58 — 


— (Ca 


73 Bs | 
H Feb... LOIS) 31.62 0.09 7.68 26.09 25.6 Ba 
7.00 


6.79 ( a 


0.50 B: | 
J Mar, — — 4h) 16.0 6.10 
| 


— — — - 


* The determinations of carbon and hydrogen were carried out aecord- 


" ¢ bee ing to the method recently deseribed by Levene and Bieber (3). 
| The nitrogen was determined by direct Nesslerizafion, using Folin’s 
(4) micro method. 
ft t The sulfur was determined by sodium peroxide fugion, using an alcoho! 
| lamp. 

4 . The above procedures differ from those emploved by Robertson 


(2) in the following particulars: (1) Only one-fifth as much 
barium chloride solution was used. (2) No NaCl solution was 
a added to the serum to make an isotonic solution before the addi- 
tion of the BaCls solution. (3) Using HeSO, instead of NassO, 
to precipitate the excess of barium. 
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~The material obtained by the above procedures is a white, 
slightly hygroscopic powder, soluble in dilute acids. The yield 
raries considerably. From the 130 gallons of blood used, an 
average of 0.7 to 0.85 gm. per 10 gallons of blood was obtained. 
Several samples were prepared during the year, all of which gave 
the same qualitative tests and color reactions but which varied 
widely in elementary composition. Table I contains the results 
of the quantitative analvses of five samples. These results show 
clearly that oocytin, thus prepared, is not a chemical individual. 

The most available method of ascertaining the relative purity 
of the several samples and of identifying them with the material 
prepared by Robertson (2) was to determine their action upon 
sea urchin eggs (Strongylocentrotus purpuratus). The results of 
this work are presented in Table II. It is very evident that 
heating to SO°C. (Sample E) for 5 minutes completely destroys 
the active constituent of oocytin. Loeb (5) found that the active 
substance present in blood serum was not affected by heating to 
73°C. for 30 minutes, but that boiling for a few minutes completely 
destroyed it. Robertson (2) showed that a temperature of 58°C ., 
maintained for 18 hours, had no injurious effeet upon the active 
substance in blood serum. It is therefore evident that the sub- 
stance capable of inducing membrane formation and eytolysis in 
sea urchin eggs is destroved at a temperature lving between 73 
and 80°C. Contact with alcohol (Sample D) for a number of 
davs also destrovs the active constituent. From a comparison 
of the action of Samples A, B, F, and G it is evident that the 
samples containing large amounts of barium are not as effective 
as the purer samples in inducing membrane formation. That 
contamination with barium is not the cause of membrane forma- 
tion and eyvtolvsis is also apparent from the negative results 
obtained with Sample D. exposed to alcohol, and Sample 
heated to SO°C. Since the action of Sample G, prepared by 
Robertson (2) in 1912, compares very favorably with that of the 
purest obtained (Sample A), it is evident that the active substance 
Is not affected by prolonged exposure to air and light. 
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Dilution of 
ooevtin 
solution 


32500 


102,400 


1 : 2OESOO 
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Sample purest prep uration 


obtained (2.68 per cent Ba). 


In 12 min. 10 per cent 


of closely formed 
membranes, No 
clumping. In 45 


min. clumping and 
fusion of membranes 
in the clumps. In 7S 
min. SO per cent of 
regular membranes. 
In 124 min. no 
further change. 
In IS min. small 
amount of evtolysis, 
no clumping. Im 287 
min. about 5 percent 
of imperfect, blist- 
erv membranes, most 
of eggs evtolvzed. 


In 40 min. few mem- 
branes, some cyvtoly- 
sis, no clumping. In 
105 min. 5 per cent 
of imperfeet mem- 
branes, many eggs 
evtolyzed. 


In 73 min. an ocension- 
al membrane, few 
evtolyzed egys, 
others normal. 


In 55 min. few perfect 
membranes, some 
evtolvsis. In 99min. 
no further change. 
In 271 min. about 20 
per cent of regular 
membranes, 


TABLE 11 —Effects of Oocytin U pon Soo 


Sample Contains IS per 
cent Ba. 


In 9imin. clumping and 
evtolyvsis. 120 
min. eggs surrounded 
by dense precipitate. 
In 295 min. most of 
clumps resolved, 

about 30 per cent of 

normal membranes. 


In 30min. eggs normal, 
some Clumping. In 
main. few imper- 
fect membranes. 


In 5O min. few im- 
perfeet membranes, 
some evtolysis, and 
clumping. 


In 114 min. about 15 
percent of imperfect 
membranes and 10 
percent of eggs evto- 
Ivzed. 3020 min. 
the eytolvsis is much 


lvzed eggs, others 
normal. In 308 min. 
about 35 per cent 
of imperfect 
branes, 


Sample in econtaet wis! 
acetone for 30 days 


In 1Oomin. clumping 
verv marked. In 
min. most of eggs» 
closely pack, 

and sur- 

rounded by ders. 


preeipitate 


In 52 min. few 


~ 


perfect membranes 
(Considerable eVto! 
Vsis. 


In OS min. about 20 per 
imperfect 
membranes, some 


of 


olysis. 


In SIO min. about 35 
per cent of well 
formed membranes. 


evtolysis. 


No observations made 


* All eggs sensitized by immersion in 0.37 M strontium chloride solution, 
The ooeytin solution was prepared by dissolving the desired samount in 


acid, adding an equal volume of 0.1 N alkal. and made up to necessary volume with 
NaCl solution of sueh coneentration that the final volurme was isotonie with sea water 


Other dilutions of oocvtin were prepared by diluting with filtered sea water. 
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Urchin (Strongylocentrotus purpuratus) Eggs.* 


sample D,t in contact Sample same as Sample G,§ prepare by 
Sample A. Robertson ¢2) im 112. 


with aleohol 90 days. minutes 


In 15min. eggs nor- In 5 min. clumping In S min. few per- 6 min. elumoping 


mal except for a very pronounced. fect membranes, very pronounced. 
sight evtolysis. In SSmin. most of some clumping. In 20 min. about 
clumps resolved. In Ob min. no fur- 30) per cent of 
normal. ther change. membranes, dith- 


eult to determine 


beeause of 


Ing. 
No observations In25 min. eggs nor- 50min. about LO In 55 min. 20> per 
ride, mal. per cent of regu- cent of membranes, 
membranes. clumping very 
Considerable ev- pronounced. 
tolwsis 
clamping. 


In fewevto- In Stmin. eggs nor- In min. 40 per In 1S min. few mem- 


lvzed eggs, others mail, cent of regularly branes, marked 
normal, formed mem- clumping, some 
branes, some evtolysis. 


clumping. 


ln 15% min. evtol- In S2min. eggs nor- In min. 15 per In 76 min. about 25 
vsis of many mal. cent of well form- per cent of mem- 
| ed omembranes, branes, mueh 

some clumping. 
clumping. In 116 

min. no. further 

change. 

No observations In 65 min. eggs nor- In 38 min. 20 per In 54 min. about 5 
made as no evi- mal. cent of  mem- per cent of mem- 
dence that mate-_ branes, some ev- branes, other eggs 
riul is active. | tolvsis and elump- normal, 


ing. In 67 min. 
45 per cent. of 
membranes. In 
120 min. no fur- 
ther change. 


<x female urchins, temperature during the dav being 14-16°C. 


§ !xperiments with Samples Fo and G were made on the following day with the eggs 
of one female urehin. Temperature 20°C. Controls were made eneh day with sensi- 


tized and unsensitized eggs im sea water alone. 
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258 Oocytin 
Qualitative Tests and Color Reactions. 


The following tests were made with nine different preparations 
of ooeytin: 


Millon’s Test.—All give an atypical red precipitate, the color fading 
on continued boiling. This test indicates the presence of the tyrosine 
group. This group was also indicated by Folin’s (6) phosphotungstie- 
phosphomolybdic reagent. 

Nanthoprotetc Test.—All strongly positive. 

Biuret Test.—All positive, the color being bluish violet. 

Adamkiewicz’ Test.—All positive. This test and the two following 
indicate the presence of the tryptophane group. 

Acree-Rosenheim Test.—All positive. 

Hopkins-Cole Glyorylic Acid Test.— All positive. 

Molisch’s Test.—All positive. 


Five different samples were hydrolyzed with 5 per cent HosO, tor 
24 to 36 hours, the liquid was filtered, and the following tests were 
applied: 


Molisch’s Test.—All very strongly positive. 

Bial’s Pentose Test. —All give characteristic green color. 

Fehling’s Test.—All negative. 

Nylander’s Test.—All negative. 

Selivanoff’s Test.—All negative. 

Benedict's Qualitative Glucose Test.—A very reduction, the pre- 
cipitate being a light brown color. 

Ammoniacal Silver Nitrate Test.— A brown. floceulent precipitate of purine 
bases is Obtained. Attempts to obtain the typical silver nitrate salts 
resulted only in a few characteristic crystals of hypoxanthine silver nitrate! 

Phenylhydrazine Test.—No reaction. 

Wheeler-Johnson Pyrimidine Test.—Negative. 


Portions of the solutions of two of the hydrolyzed samples were 
evaporated to one-half of their original volume and from the svrupy 
liquids a few long, colorless crystals were obtained, Examination 
under the microscope showed them to be identical in form with 
those of /-a-proline.’ 

Attempts were made to prepare the copper salt and the picrate 
of proline but with the small amount of material available these 
attempts were not successful. 


1 Hawk, P. B., Praetieal physioMgieal chemistry, Philadelphia, 5th 
edition, 1916, 351. 
> Hawk.! p. S84. 
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Kxperiments® were carried out to determine whether ococytin 
possessed the property of hemolyzing red cells. 


For this purpose 0.1 to 0.5 ec. of ooeytin solution’ (dilution of 1: 8,000, 
this being twice the concentration in which it is obtained from blood serum } 
was added to tubes containing 0.5 ce. of 3 per cent suspension of washed 
sheep cells; the tubes were then incubated for 30 minutes at 38°C. No 
hemolysis was observed. An experiment was also carried out to determine 
whether oocytin could take the place of alexin in the alexin fixation resection. 
For this purpose 0.1 to 0.5 ce. of ooeytin solution! was added to a hemolytic 
system in which the alexin was omitted. No hemolysis was observed. 
A control test in which the alexin was added showed hemolysis in the usual 
time. The above results indicate that, for the concentration used, ooceytin 
cannot replace alexin in the fixation reaction. The fact that ooeytin 
resists heating to 73°C. is also rather conclusive evidence against its having 
any identity with alexin. To determine whether ooevtin possessed bacte- 
ricidal properties, 0.1 to 0.5 ce. of each of several concentrations of oocytin 
solution’ (1: 16,000, 1: 1,600, 1: 320, 1:160) was added to O.1 ce. of 24 
hour typhoid broth eulture (dilution of 1: 500,000) and incubated for 1S 
hours at 37°C. Using the same amounts of the various concentrations 
of ooeytin, experiments were also carried out to determine whether oocytin, 
in conjunction with inactivated serum (serum heated for 30 minutes at 
56°C.), possessed bactericidal properties. 


The results of these experiments indicate that oocytin does not 
possess bacterteidal properties and cannot reactivate heated serum. 
A control experiment, using 0.1 ce. of normal serum with the same 
tvphoid culture, showed bactericidal action. 


Alexin fixation experiments® were earried out with the sera of Rabbits 
161 and 166. No. 166, weighing 1.4 kilos, received six intravenous injee- 
tions of 50 mg. each. No. 161. weighing 2 kilos, reeeived six intravenous 
injections of 74mg. each. The solutions of ooevtin were made by dissolv- 
ing HC), adding an equal amount of N NaOH, and made up to a 
volume of 5 ce. by the addition of isotonic NaCl solution. The doses were 
administered on 3 suecessive days, then a resting period of 5 days, followed 
by 3 more successive doses. On the day after the last dose the animals 
were bled and the serum was used for the fixation experiments. A control 

* The experimental work to determine whether oocytin could replace 
alexin or whether it possessed hemolytie or bactericidal properties was 
carried out by Miss Ruth L. Stone, of the Department of Pathology. 

‘All solutions of oocytin were prepared by dissolving sample in 0.1‘ 
aeid, adding an equivalent volume of O.1 ~ alkali, and made to desired 
volume by adding sufficient NaCl solution to make isotonic (M16). 

* The fixation experiments were earried out by Dr. Carl L. A. Schmidt, 
of the Departanent of Pathology. 
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experiment, using the serum of a normal rabbit, was conducted at the same 
time. Using O.1Lee. of a 1: 500 dilutionof the antigen, which was one-fourth 
of the minimum inhibiting dose (solution of antigen, ooeytin, was made in 
the same way as the solutions for injection), and 1.5 units of alexin, with a 
total volume of 1 ce. for the system, fixation was obtained with 0.2 ce. of a 
1:10 dilution for Rabbit 161 and 0.3 ec. of similar dilution for Rabbit 166. 
The control was negative. 


Intravenous injection of 40 mg. of ooeytin per kilo produces no 
change in the blood pressure of rabbits 


TABLE IIL. 


Amino Nitrogen Content of Oocytin before* and after Hydrolytic Decom po- 
sition (Van Slyke Method). 


Amount of | Amino nitrogen 


amino nitrogen after complete 
Sample Date of preparation before hydrol- as 
ysis, as total total N. 
| | per cent | per cent 


* The variation in the amount of amino nitrogen in oocytin, previous 
to hydrolytic decomposition, is no doubt due to the action of the 0.1 .N 
acid in which the material is originally dissolved. 


From the several color reactions, the amino nitrogen content, 
and the formation of antibodies it is evident that protein material 
isa constituent of oocytin. Since it has been shown by Robertson 
(2) that proteins, far from facilitating membrane formation, 
actually inhibit the action of spermatozoa and saponins in causing 
membrane formation and cytolysis in sea urchin eggs, it does not 
seem plausible to ascribe the action of oocytin to its protein 
content. 

The presence of a carbohydrate group is certain; that it Is a 
pentose also seems quite definite. The test with Buial’s orcinol- 
FeCl, reagent is substantiated by Tollen’s (7) naphthoresorcinol 
test. Mandel and Neuberg (8) have pointed out that other sub- 
stances may give the same reaction with this reagent as the pen- 
toses. The color reaction with glucuronic acid (indicating hexose) 
is very similar but this substance should show characteristic ab- 
sorption bands near the D line of the spectrum. No absorption 
bands were visible in the two solutions (ether extract of the 
reaction mixture) examined. 
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The presence of a carbohydrate group and purine bases in the 
decomposition products would suggest the presence of nucleic acid 
but this 1s contraindicated by the very low phosphorus content. 
Levene and Jacobs (9) obtained a substance, by ferment action, 
from animal nucleic acid which on hydrolysis yielded guanine and 
a hexose. This combination is known as a nucleoside. These 
workers have also obtained other nucleosides (guanosine, adeno- 
sine, cytidine, uridine) by neutral hydrolysis of yeast nucleic acid 
and find that these nucleosides are composed of a carbohydrate 
group and a purine or pyrimidine base. From their behavior it 
is thought that the purine nucleosides are joined through a 
glucosidal linkage. Levene and Jacobs (10) found guanosine in 
the pancreas and Jones (11) found that extract of pancreas lib- 
erates phosphoric acid quantitatively from guanylic acid, resulting 
in guanosine and phosphoric acid. According to Levene and 
Medigreceanu (12) there are at least three ferments involved in 
the decomposition of the nucleic acids by the body tissues and 
tissue fluids. Jones (11) has shown the independent existence 
of a phosphonuclease, yielding nucleosides and phosphoric acid, 
and a purine nuclease which splits off purine bases. 

The presence of nucleosides (purine bases and pentose) and their 
glucosidal nature suggest that the action of oocytin may be due 
to these bodies. In this connection reference may be made to the 
saponins which are complex glucosides. These substances have 
been shown by Loeb (13) to be very potent in causing membrane 
formation and cytolysis in sea urchin eggs. The acid-soluble 
substance prepared from the NaCl solution extract of sea urchin 
sperm, precipitable by BaCl: and acetone, is also very potent in 
its membrane-forming and cytolyzing action. Some of this 
substance, which had been prepared by Robertson (2) in 1912, 
was examined and among the hydrolytic products purine bases 
and a carbohydrate group (pentose) were found, again suggesting 
the presence of nucleosides. 


SUMMARY. 


1. The elementary analysis shows that oocytin, prepared as 
described, is not a chemical individual. 
2. Protein material is a constituent of oocytin. 
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3. The products of hydrolysis of ooeytin include purine bases 
(hypoxanthine) and a carbohydrate radical (pentose). Phos- 
phoric acid is, however, only present in insignificant traces. 

4. Oocytin is neither hemolytic, bactericidal, nor identical with 
alexin. 

5. The active constituent is destroyed by heat at a temperature 
between 73-80°C., and by prolonged contact with alcohol. 

6. The fertilizing and cytolytic action of oocytin is attributed 
to the glucosidal structure of the nucleosides, which are prob- 
ably the active constituents of the preparation. 


In conclusion the writer wishes to thank Professor T. Brails- 
ford Robertson, Professor Hardolph Wastenevs, and Dr. Car! 
LL. A. Schmidt for their helpful suggestions and interest in the 
work. 
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HISTORICAL, 


Qur knowledge of carnosine is largely due to the admirable 
Investigations of Gulewitsch. The discovery of the base in beef 
muscle extract was first reported by Gulewitsch and Amiradzibi! 
in 1900.) Later Kutscher® isolated a substance from beef muscle 
extract, Which he named ignotine, but Culewitseh’ showed that 
ignotine and carnosine were identical. In the same volume, het 
showed that hwdrolvsis of the base with barium hydroxide liber- 
ated the amuno-acid, histidine. 5 vears later, he® established the 
identity of the other component, namely o-nlanine.  “Phis amino- 
acid had been found in beef extract by Engeland,® as a result of 
(he hwdrolvsis of carnosine during the process of isolation.  “Phus 
vears after its discovery, Crulewitseh showed that carnosine 
consisted of but two amino-acids, probably jomed to form: a ci- 
peptide. Father one of two linkages was possible. Thus tar no 
conclusive evidence had been advanced in favor of either formuda, 

On the whole little has been done to establish the relative dis- 
tribution, biological significanee, and fate of carnosine in the 


~The data are taken from oa dissertation submitted by Thorsten Ing- 
valdsen to the Graduate Faculty of the State University of Towa, as 
partial requirement tor the degree of Doctor of Philosophy. 
Ciulewitseh, Wo. and Amiradzibi, Z. physiol. Chem., 1900, xxx, 565: 
Ber. chem. Ges., 1900, xxxiii, 1902. 
“Wutseher, Z. Untersuch. Nahrungs- Genussmittel, x. 52 
Caulewitseh, 2. physiol. 1906-07, 1, 204. 
~Crulewitseh. Z. physiol. Chem., 1006-07, 1, 5385. 
Z. physiol, Chem., 1OLL, Ixxin, 434. 
lengveland, nlersuch. Nahrungs- Genussmiille }OUS. HOS. 
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264 Concerning Histidine and Carnosine 


body. Culewitsch prepared the base by precipitation of muscle 
extract with phosphotungstic acid, followed by purification by the 
silver-barium fractionation method of Kossel and Kutscher. 
The nitrate of carnosine was thus obtained in crystalline form. 
Later Smorodinzew’ precipitated carnosine with mercuric: sul- 
fate in sulfuric acid solution. This author also demonstrated the 
absence of carnosine in the liver. Dietrich® recommended the 
addition of large quantities of aleohol to accelerate the precipita- 
tion with mercuric sulfate. : 
Skworzow,’ it appears, first attempted the quantitative de- 
termination of carnosine by estimating the nitrogen content of 
the carnosine silver fraction. He found that 35 and 51 per cent 
of the nitrogen precipitated by phosphotungstic acid from. calf 
and beef muscle extracts, respectively, appeared in the carnosine 
silver fraction, but did not attribute all of this to carnosine itself. 
He actually isolated an amount of carnosine nitrate corresponding 
to 0.176 per cent of the free base from calf muscle extract. This 
value agrees with those obtained by other investigators. Von 
Firth and Schwarz!? found that carnosine accounted for from 30 to 
44 per cent of the total extractive nitrogen of the skeletal muscle 
of the horse and dog. Bugha and Costantino" and von Wini- 
warter™ applying similar methods concluded that about one-third 
of the extractive nitrogen contained in skeletal muscle was in the 
form of carnosine. Miss Mauthner® unsuccessfully attempted 
the quantitative isolation of carnosine as the copper salt, which 
had been prepared previously by Gulewitsch. She next hydro- 
lvzed the carnosine silver fraction and was able to isolate from 70 
to 90 per cent of the theoretical quantity of histidine as the picro- 
lonate (assuming that carnosine wholly accounted for the nitrogen 
content of this fraction). Muss Mauthner also succeeded in pre- 
cipitating SO per cent of the nitrogen contained in the carnosine 
silver fraction, as the sodium salt of carnosine dipicrolonate. 


Smorodinzew, J., Z. physiol. Chem., 1914, 214. 

* Dietrich, M., Z. physiol. Chem., 1914, xeii, 212. 

'Skworzow, W., Z. physiol. Chem., 1910, Ixviil, 26. 

‘6 von Firth, O., and Schwarz, C., Brochem. Z., 1911, xxx, 413. 

'! Bugha, G., and Costantino, A., Z. physiol. Chem., 1912, Ixxxi, 120. 
'? von Winiwarter, A., Arch. Gyndk., 1913, ¢, 530. 
'S Mauthner, Monatsh. Chem., 1913, xxxiv, 883. 
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An article by Gulewitsch™ now appeared in which he pointed out 
that a levorotatory substance may be precipitated with carnosine, 
which interferes with its crystallization, depresses its melting 
point, and specific rotation. In this article the physical constants 
of pure carnosine and its nitrate are recorded. Von Firth and 
Hryntschak’ next attempted to determine carnosine colori- 
metrically. The intensity of the blue color of a solution of the 
copper compound or that of the red of the diazo compound, was 


estimated. The average value found by these methods was 0.27 i 
gm. of carnosine per 100 gm. of muscle. These authors also q 
attempted to determine quantitatively carnosine as the copper salt. | of 
In most cases the values were considerably lower than those iE 
obtained by the colorimetric methods. In one instance, however, a 
they isolated 0.26 gm. and found 0.298 gm. by the colorimetric : : ‘ 
method. As to the carnosine content of other organs little is e 
known. Buglia and Costantino,!! by estimating the nitrogen a 
content of the silver fraction, found 0.045 per cent of carnosine a 
nitrogen in heart and 0.036 per cent in smooth muscle. Von HE 
Winiwarter” employed the same method and obtained 0.045 per oe 
eent for human and 0.026 per cent for equine uterine muscle. q 
Suzuki, Joshimura, Jamakawa, and Irie’ found as much as 0.2 po 
gm. of carnosine in 100 gm. of fresh fish muscle. Finally, Drum- ; | 
mond’? isolated carnosine from chicken sarcoma.’ 
DISCUSSION. a 
The chief object of the present investigation was to determine i a 
the constitution of carnosine. Either one of two formulas was a 
possible; viz., 
CH,CH( NH.) CONHCH.CH.COOH 
| | 
CH or 
HC © CH,CH (NHCOCH,CH,NH,) COOH 
| | 4g 
HN N 


'§ Gulewitseh, Z. physiol. Chem., 1913, Ixxxvil, 1. 

yon Firth, O., and Hryntsechak, T., Biochem. Z., 1914, Ixiv, 172. 

‘© Suzuki, U., Joshimura, K., Jamakawa, M., and Irie, Y., Z. physiol. 
Chem., 1909, Ixil, 1. 

17 Drummond, J. C., Biochem. J., 1917, xi, 246. 
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Two wavs of solving the problem seemed evident. One, the 
more conclusive, was to synthesize the base; the other, to prepare 
deaminocarnosine, hydrolyze it, and then isolate one of its cleavage 
products. 

For the synthesis of carnosine relatively large quantities of his- 
tidine were needed. The amino-acid was obtained from dried 
blood (Armour) by a modification of Frinkel’s'’ method. 

At first an attempt was made to prepare natural carnosine by 
the method of Smorodinzew,’ but this procedure did not lead to 
the desired result. Only syrupy products were obtained. After 
several trials, we resorted to precipitation with mercuric acetate 
after preliminary purification with copper acetate and milk of 
lime. By this method the extract from several hundred pounds 
of horse muscle was precipitated. Phe product thus obtained was 
purified by the silver process. : 

Before proceeding to prepare deaminocarnosine, was ad- 
visable to determine the amino nitrogen (Van Slyke) of carnosine 
and B-alanine. In both cases the analvses agreed well with the 

‘calculated amounts for one atom of free amino nitrogen. 

Deaminocarnosine was prepared by treating the base with 
barium nitrite and sulfuric acid. After almost complete deamina- 
tien had occurred (only 2 per cent of the free amino nitrogen re- 
maimed), the produet was hydrolyzed with acid, without attempt- 
ing to isolate it. A 70 per cent vield of histidine was obtained, 
thus indicating that C-alanyv!-histidine properly expressed the mode 
of linkage in the carnosine molecule. 

Fischer and Cone!’ had prepared leuevi-histidine by the inter- 
action of bromoisocaprony! chloride and histidine methyl ester, 
followed by hydrolysis of the resulting ester and amunation of the 
bromo acid. Phe procedure which was adopted in the present 
Investigation Was more convenient. The acid chloride was com- 
bined with free histidine in aqneous solution in the presence of an 

excess of bartum hydroxide. The barium was easily removed and 
the soluble reaetion product was aminated without attempting 
fo isolate it. At first we prepared §-iodopropiony!-a-alanine by 
this method, then o-chloropropionyv!] chloride was combined with 
histidine and the reaction product aminated by heating with 

iS Friinkel, Monatsh. Chem., 1904, xxiv, 229. 

Fischer, and Cone, L. Ann. Chem., 1908S, eeelxiit, 107. 
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ammonia in a sealed tube. <A few crystals were obtained which 
had the characteristi¢ appearance and optical property of carno- 
sine but the amount was too small for analysis. “However, when 
the product resulting from the reaction of 8-iodopropiony! chloride 
with histidine, was aminated, a substance was formed with prop- 
erties, optical rotation, and analyses identical with those of natura! 
‘APnosine, 

In order to obtain some preliminary knowledge concerning the 
fate of carnosine in the body, a study of its behavior toward organ 
ferments was made. The extracts of dog liver and muscle failed 
to hydrolyze carnosine. The activity of these extracts had been 
demonstrated on another dipeptide, glyevl-trvptophane. 

The preparation of histidyvl-3-alanine or its derivatives was also 
attempted. Fischer and Cone!’ had tried to prepare histidv! 
chloride but failed. Their attempt to prepare the chloride ot 
formyl-histidine Fed to no definite result. We attempted to pre- 
pare the chloride of benzoyl-histidine which was easily obtained 
ina 75 per cent vield by the method of Pauly?" but without suc- 
cess. Pauly*! has also deseribed the preparation of phtha- 
lene-sulfonyl-histidine. Our attempts to prepare this com- 
pound were unsuccessful. a-Naphthalene-sulfony!] chloride, puri- 
fied by distillation in high vacuum (0.3 mm.) was then combined 
with histidine according to Fischer and Bergell.-* However, the 
properties and analysis of the resulting substance medicated that 
itwas a salt of naphthalene-sulfonvl-histidine with naphthalene 
sulfonic acid and not the diaeyl compound.  Naphthalene-sul- 
fonvl-histidine was easily prepared from this salt. OQur endeavors 
to make the chloride of this compound were entirely futile. In 
this connection it is interesting to note that Pyman’* failed to pre- 
pare the chloride of glvoxaline carboxvlic acid, though a number 
of methods were tried. 

Another attempt to synthesize a derivative of histidy!-9- 
alanine may be mentioned. The main reactions involved in the 
well known Erlenmever®! svnthesis for amino-acids may he ex- 
pressed as follows: 


Pauly, H., Ber. chem. Ges., 1910, 2265. 

Pouly, Z. Chem., 50s. 

Fischer, E., and Bergell, P.. Ber. chem. Ges., 1902. xxxv, 3779. 
Pyman, FL. L., J. Chem. Soe., 196, crx, 


Erlenmever, E., Jr., Ann. Chem., 1893, eclxxv, 1, 8, 15. 
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C.H,CON HCH,COOH + RCHO — C;H,CONHC (:CHR) COOH 
C,H;CONHCH (CHR) COOH 


By analogy, hippuryl-8-alanine might react with glvoxaline 
aldehyde* thus leading to the benzoyl derivative of histidyl-s- 
alanine. 


HCH.CH:COOH + — 
C,H;CON HC (: CONHCH,CH,COOH 
C,H;CONHCH (CH.C;H,N.) CONHCH,CH,COOH 


We accordingly coupled hippury! chloride with 3-alanine and 
obtained a beautiful crystalline product which was purified with- 
out difheultv. Our attempts to condense it with the easilv acces- 
sible benzaldehyde were unsuccessful. We abandoned the proj- 


i : ect at this point. 

i All our efforts, therefore, to prepare histidy] derivatives of 
4 amino-acids have been without avail. 

EXPERIMENTAL. 

: Preparation of Histidine. 

4 Histidine was prepared from dried blood essentially as described by 
Steudel.2°> The method was altered by the use of litharge to make the 
i removal of hydrochloric acid more complete than could be accomplished 
by distillation alone. 

Be ; Considerable quantities of /-leucine were obtained by evaporating the 
4 Hy mother liquor of the histidine mereury compound, after removal of the 
4 | metal with hydrogen sulfide. 

4 Preparation of Carnosine. 

4 , Fresh hashed horse muscle was extracted in 10 pound portions by cov- 
2 i ering with tap water and gradually heating to the boiling point. The 
| coagulum was separated by filtration through a cotton bag, and washed 
2 with boiling water. About 75 liters of water were used for 100 pounds of 
if meat. The extract was evaporated in shallow pans to about 15 liters, 
# filtered, and treated with 1 kilo of copper acetate and enough milk of 
if lime to make the solution strongly alkaline to litmus. The voluminous 
5 precipitate was filtered and thoroughly washed. The filtrate was slightly 
sf acidified with sulfurie acid and precipitated with mercuric acetate and 
Steudel, H., in Abderhalden, E., Handb. Biochem. Arbeitsmethoden, 


© Berlin and Vienna, 1910, ii, 505. 
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sodium carbonate. The reaction was kept slightly acid. The mercury 
compound was washed, suspended in water, and decomposed with hy- 
drogen sulfide. The solution was freed of hydrogen sulfide by aeration 
and treated with a small excess of silver nitrate. Barium hydroxide was 
added until the reaction was distinetly alkaline to litmus. After a few 
hours the precipitate was removed and the filtrate saturated with barium 
hydroxide. The carnosine silver was thoroughly washed with dilute 
barium hydroxide solution and decomposed with hydrogen sulfide. After 
removal of the barium with earbon dioxide and sulfuric acid the solution 
was neutralized with nitrie acid and concentrated. About 50 gm. of crude 
carnosine nitrate were obtained from 100 pounds of horse muscle. The 
free base was prepared from the nitrate by precipitation with phospho- 
tungstic acid or preferably, by precipitation with silver nitrate and barium 
hydroxide. The carnosine thus obtained melted at 254° Cuncorrected). 
Its properties were similar to those deseribed by Gulewitseh. It analyzed 
as follows: 


0.0548 gin. substance required 9.6 ce. O.1 N sulfurie aeid. 


0.0215 “ = gave 0.00148 gm. N secording to Van Slyke (micro 
method). 
Caleulated for 
carnosine 
CoH Found: 


Preparation and Hydrolysis of Deaminocarnosine., 


4 gm. of carnosine dissolved in 75 ec. of water were deaminated 
by the addition of 3.2 gm. of barium nitrite and 20 ce. of O.1 N 
sulfuric acid. After 5 hours an additional 6.5 ce. of the acid were 
added. The solution was placed in the refrigerator until the next 
morning. After heating on the water bath and aerating, it was 
filtered and diluted to 200 ec. 2 ce. of the solution gave 0.095 ce. 
of nitrogen gas at 743.5 mm. pressure and 25°, when analyzed 
according to Van Slyke for amino nitrogen. This was equivalent 
to but 2.08 per cent of the amino nitrogen originally present. ‘The 
solution was hydrolyzed by boiling 4 hours with 5 N sulfuric 
acid. The acid was then removed with barium hydroxide, and 
the filtrate evaporated in vacuum, and then treated with alcohol. 
1.66 gm. of flaky crystals were obtained, which analyzed as follows: 


0.0868 gm. substance required 16.5 ec. 0.1 N sulfurie acid (Kjeldahl). 
Calculated for 


histidine 
CeHsO2Na: Found: 
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The substance was converted into its hydrochloride, which 
melted at 255°. Pure histidine hydrochloride melts at the same 
temperature. When both compounds were mixed there was no 
change in the melting point. Another portion of the substance was 
converted into its dihydrochloride by evaporating in a Gesiccator 
over sodium hydroxide with concentrated hydrochloric acid. “The 
melting point of the dihydrochloride was 244- 245°, that of pure 
histidine dihydrochloride was 245°.) Mixing both compounds did 
not depress the melting point. 


OOSOL gm. substance required 10.6 ce. O.1 N sulfuric seid (Wyeldahl). 


Caleulated for 
histidine di- 
hyvdroehlonde 
CoH OeNsClh: Found: 


The total quantity of histidine obtained from deaminoearnosine 
was 70 per cent of the theoretical. 


LCH.CHLCON W(CH)COOM). 


Toa solution of 10 of a-alanine dissolved in 3800 ce. of water 
lS em. of ervstalline barium hydroxide were added. The mixture 
was cooled with a freezing mixture and agitated with a mechanical 
stirrer, 21.3 em. of ¢-1odopropiony! chloride diluted with petrolie 
ether were added in the course of | hour. tn order to maimtain 
anoalkaline reaction, an additional 28 @m. of barium hydroxide 
were required. The excess of barium was removed with carbon 
dioxide. ‘The chlorine and the remainder of the barium were 
removed with silver sulfate and sulfurte acid, respectively. After 
concentration of the solution IS.5 @m. of the reaction product 
were obtained. The melting point was 153-155°. The substance 
was dried in vacuum over sulfuric acid, 


03420 em. substance required 12.8 ec. N sulfuric aeid (Wyeldaht). 
Cnleulated for 
alanine bound: 
N. &. 24 


The compound was more soluble in alcohol and acetone than in 
water, soluble with difficulty in chloroform, and almost imsoluble 
in benzene and petrohe ether. 
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Synthesis of Carnosine. 
HC CH.CH (NHCOCH,.CH.N EH.) COOH 


HN N 


40 gm. of free histidine were dissolved in 500 ce. of water and 
cooled with a freezing mixture. 59 gm. of 6-iodopropiony! 
chloride.“® diluted to 150 ce. with petrolie ether, were added in the 
course of 13 hours. Crystalline barium hydroxide, 140 gm. in all, 
was added at intervals to maintain alkalinity. Stirring was con- 
tinued for 23 hours. The barium was quantitatively removed 
with earbon dioxide and ammonia. The filtrate was cooled with 
a freezing mixture and saturated with ammonia. After 48 hours 
at 37°, the solution was evaporated to 150 ce. and again saturated 
with ammonia in the cold. Further amination was carried out in 
sealed tubes at LOO°. Owing to breakage of the glass tubes the 
contents of two were lost. The remainder was evaporated to dry- 
ness in vacuum at 45°. The residue was dissolved in water and 
fractionally precipitated with silver nitrate and barium hydroxide. 
The precipitate which first appeared, when the solution was made 
distinetly alkaline, was gummy in nature and care was taken to 
separate this from the carnosine fraction itself. The precipitate 
which appeared upon complete saturation with barium hydroxide 
was washed with dilute barvta solution. decomposed with sulfuric 
acid, treated with hydrogen sulfide, and filtered. The last trace 
of sulfurie acid was removed and the solution concentrated. 
The ervstals which soon appeared resembled carnosine in every 
detail. The vield was about 3 gm. After two recrystallizations 
the substance melted at 250° 251° (corrected). Crystallization 
was carried out by dissolving in the least amount of warm water 
and adding pure absolute alcohol. (As earnosine is a strong base 
it must not be exposed to an atmosphere containing carbon dioxide 
for too long a time.) 


26 Jacobs, W. A., and Heidelberger, M.. J. Biol. Chem., 1915, xxi, 467. 
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0.0866 gm. substance gave 0.1511 gm. carbon dioxide and 0.0538 gm. 
water. 
0.1222 gm. substance required 21.3) ce. 0.1 N sulfuric acid (Kjeldahl). 


Calculated for 
ecarnosihne 
CyHwOsNa: Found: 


The specific rotation of the substance in aqueous solution was 
+ 21.5°, which corresponds with the value recorded for pure 
natural carnosine. 

4.5550 & 2.68° 


= 9 5490 x 1.0387 


Action of Liver and Muscle Extracts on Carnosine. 


A dog was bled from the carotid artery under ether anesthesia 
and perfused with 0.9 per cent sodium chloride solution until most 
of the blood had been removed from the organs. Portions of the 
liver and muscle were ground with clean sea-sand and extracted 
with the saline solution. Both extracts hydrolyzed = glycyl- 
tryptophane after 24 hours at 37°. A solution of carnosine con- 
taining 10.18 mg. of amino nitrogen was neutralized with acetic 
acid and diluted to 10 ce. with Henderson’s phosphate solution. To 
4 ce. of this solution, 1 ce. of the organ extract and 1 cc. of toluene 
were added. The control determinations were prepared in a simi- 
lar manner without the carnosine. After 24 hours at 40°, the 
contents of the tubes were acidified with dilute acetic acid, coag- 
ulated by heat, filtered, washed, and diluted to 10 ec. Amino 
nitrogen (Van Slyke) was determined in 2 ec. portions of the solu- 
tion. The temperature of the room was 27° and the barometric 
pressure 742.5 mm. 

Amino nitrogen. 


re. mg. 
(a) Liver extract... 0 565 0 295 
‘plus eaxrnosine 1 OSS 
(c) Musele “ 0 27 145 


The amino nitrogen added to the extracts, in the form of ear- 
nosine, Was 0.814 mg. Dedueting a from b and ¢ trom d 0.793 mg. 
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and 0.820 mg., respectively, are obtained from the liver and muscle 
mixtures. Hydrolysis did not occur in either case. Abderhalden 
and Fodor?’ have shown that 6-alanine is deaminated in alkaline 
solution. To see if the slightly alkaline Henderson’s phosphate 
solution decomposed B-alanine, the following experiment was 
carried out. A quantity of B-alanine equivalent to 1.2490 mg. of 
amino nitrogen per ce. was dissolved in Henderson’s phosphate 
solution and incubated for 24 hours at 40°. At the end of the 
period 1.269 mg. were found; hence the alkalinity of the phosphate 
solution is not sufficient to decompose the amino-acid. 


a-Naphthalene-Sulfonyl-H istidine-N a phthalene-Sulfonate. 
HC (NHSO.C,,H;) COOH 


N NH (HOSO.C,H; . H.O) 


To a solution of 1 gm. of histidine hydrochloride in 10 ce. of 
water, 5 ce. of 10 per cent sodium hydroxide and 3 gm. of a- 
naphthalene-sulfonyl-chloride, dissolved in ether, were added. 
This mixture was shaken on the machine for 4 hours. During this 
time 9 ce. of 10 per cent alkali were added in three equal portions. 
The ether was now removed and the liquid extracted with fresh 
portions of ether three times. After adding 10 ec. of 5 N hydro- 
chloric acid, an oil appeared which crystallized at room tempera- 
ture but not in the refrigerator. The crystals are best described 
as hexagonal plates. The melting point was 146°. Repeated 
crystallization from water raised the melting point to 155°.) On 
further heating, the fused substance solidified but melted again at 
220°. The weight of the substance remained constant when 
heated over boiling toluene in vacuum tor 6 hours in the presence 
of phosphorus pentoxide. 


0.1237 gm. substance gave 0.0975 gm. barium sulfate (sodium peroxide 
fusion method). 

0.1227 gm. substance required 6.8 ec. 0.1 N sulfurie acid (Kjeldahl). 

0.1227 “ “i were neutralized by 435 ec. 0.1 N sodium hydroxide 
solution. Caleulated, 4.30 ec. 


27 Abderhalden, E., and Fodor, A., Z. physiol. Chem., 1918, Ixxxv, 112. 
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0.3167 gm. substance gave 0.6359 gm. carbon dioxide and 0.1338 gm. 
water. 


Calculated for 


Coble Og Found: 


In order to remove the crystal water it Was necessary to heat the 
substance to 150° over phosphorus pentoxide ina vacuum. 0.5114 
gin. lost O.O191 gm. of water and became darker. Calculated for 
one molecule of crystal water, 3.1 per cent. Found, 3.7 per ecnt. 
The discrepancy was accounted for by the slight decomposition, 

The substance was also prepared by adding naphthalene-sul- 
fonte acid to naphthalene-sulfonyl-histidine. The crystal form: of 
the compound prepared in this manner was similar to that already 
described. The melting point and solubilities also indicated that 
both compounds were identical. Owing to difficulties of purifiea- 
tion and analysis we were unable to obtain acceptable analytical 
figures, 

0.2085 gm. substance gave 0: 4200 em. earbon dioxide and 0.0900) gm. 


witer. 
Csleulated for 


Cw NgSe: Found: 


The substanee was soluble, with difficulty, im water; more 
easily soluble aleohol. When dissolved boiling methyl 
aleohol contaiming a few drops of glacial acetic acid and cooled, 
long prismatic rods appeared. The melting point) was 222° 
cuncorreeted). The substance was dried by heating in a vacuum 
over boiling toluene for 6 hours in the presence of phosphorus 
pentoxide. 


0.20S9 gm. substance gave 0.43390 em. carbon dioxide and 0.0809 gm. 
wiiter. 

0.1038 gm. substanee gave 0.OS70 gm. barium sulfate (sodium peroxide 
fusion method). 

0.1100 gm. substance required 4.00 ec. 0.1 N sodium hydroxide solution 
for neutralization. Caleulated, 3.97 ce. 

gm. substance required 10.10 ec. 0.1 N sulfurie aeid (IKXjeldahl). 
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Calculated for 
NaSe: Found: 


The analytical data indicated that we were dealing with the 
anhydrous form of the compound already described. 


a-Naphthalene-Sulfonyl-H istidine. 


The alcoholic solution of the preceding compound was treated 
with an amount of 0.1 N sodium hydroxide slightly in excess of 
neutralitv. The solution was evaporated to dryness after the 
addition of acetic acid and the residue crystallized from methyl! 
alcohol. A further crop of erystals was obtained by diluting the 
mother liquor with water. Reerystallization was effected by 
dissolving in dilute ammonia and precipitating with dilute acetic 
acid. The pure compound appeared in the form of hexagonal 
blocks, melting at 236° (uncorrected.) The substance lost 5.4 per 
cent of its weight when heated over boiling toluene in vacuum in 
the presence of phosphorus pentoxide. Calculated for one mole- 
cule of crystal water, 4.98 per cent. 


0.2097 gm. substance gave 0.4296 gm. carbon dioxide and 0.0825 gm. 
water. 

0.1225 gm. substance required 10.65 ce. 0.1 N sulfurie acid (Njeldahl). 

0.1082 3.1 N sodium hydroxide for neu- 
tralization. Caleulated, 3.13 ce. 

0.1082 gm. substance gave 0.0732 gm. barium sulfate (sodium peroxide 


fusion method). 
Calculated for naph- 
thalene-sulfonyl-histidine 


Found: 


The substance was very shghtly soluble in water, more so in 
alcohol. It readily dissolved in dilute ammonia or in aleohol 
containing naphthalene-sulfonie acid. The specific rotation of 
the sodium salt was determined in aqueous solution. 


, 3.6852 X —6.72° 


= xo.t272 ~~ 
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The rotation of the salt of naphthalene-sulfonic acid with naph- 
thalene-sulfonyl-histidine was also determined. An amount 
of the substance corresponding to 0.0841 gm. of the sodium salt 
of naphthalene-sulfonyl-histidine was dissolved in the dimo- 
lecular equivalent of sodium hydroxide solution. 


4.8228 —3.39° 


The presence of sodium naphthalene sulfonate did not influence 
the optical activity of the histidine compound. At first we hoped 
that naphthalene-sulfonyl-histidine would be well adapted for 
the isolation and characterization of histidine, but this does not 
seem likely as the vield was only 50 per cent, when pure histidine 
was used. 


Hippuryl-p-A lanine. 


3 gm. of 8-alanine dissolved in an equivalent of sodium hydroxide 
solution were combined with hippuryl chloride in the usual manner. 
42 ec. of sodium hydroxide (N solution) were added in the course 
of 30 minutes. Upon acidifving with 9 ec. of N hydrochloric acid, 
long tyrosine-like needles appeared. The vield was 50 per cent. 
The melting point was 183- 185° (uneorrected). The substance 
was dried at LOO” in vacuum over phosphorus pentoxide. 

0.1028 gm. substance required 4.2 ce. 0.1 N sodium hydroxide for neutral- 
ization. Calculated, 4.1 ce. 


0.1028 gm. substance required 8.5 ee. N sulfurie acid (hyeldaht). 


Caleulated for 
hippuryv!-@-alanine 
CH yOgNe: Found: 


The substance is soluble with difficulty in water and ethyl ace- 
tate, but readily in aleohol. It is more soluble in cold water than 
hippurie acid, 


SUMMARY. 


The constitution of carnosine has been determined in two ways: 
(1) By the hydrolysis of deaminocarnosine and isolation of his- 
tidine; (2) by the synthesis of carnosine. 

The behavior of carnosine toward liver and muscle has been 
determined. 

Attempts to synthesize histidvl-3-alanine were unsuccessful. 
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AN OXIDATION PRODUCT OF CREATINE.* 


By LOUIS BAUMANN anno THORSTEN INGVALDSEN. 


(From the Chemical Research Laboratory, Department of Internal Medicine, 
lowa State University, Iowa City.) 


‘Received for publication, June 13, 1918.) 


After the removal of carnosine from the muscle extract! an 
abundant separation of a ghstening flaky material oceurred. 
Investigation showed that this substance consisted of mercury, 
neetic acid, and an insoluble crystalline compound. The prop- 
erties and analysis of this compound indicated that it was @- 
methvlguanido-glyoxvlic acid? a result of the oxidation of 
creatine by mercuric acetate. 

Many vears ago Dessaignes’ showed that creatine was oxidized 
to methviguanidine oxalate when heated with mereurie oxide in 
watery solution. More recently Dakin' obtained glvoxvlie acid 
when creatine was treated with hydrogen peroxide and ferrous ul- 
fate. The various stages of creatine oxidation may therefore be 
represented as tollows: 

NHLC (: NH) N(CH) CH,COOH NILC (: NH) N(CH,) CHOHCOOH 


NED N(CH, COCOOH TRO NEG NED N(CH) COOHCOOH 


a-methylguanido-glvoxvlic acid is also formed when pure crea- 
tine or creatinine is dissolved in mereuric acetate solution and 
kept at room temperature for several days. Even glycocyvamine 
and glycocoll are oxidized under similar conditions. 


* The data are taken from a dissertation submitted by Thorsten Ing- 
valdsen to the Graduate Faculty of the State University of Lowa, as a 
partial requirement for the degree of Doctor of Philosophy. 

' Baumann, L., and Ingvaldsen, T., J. Biol. Chem., 1918, xxxv, 265. 

>We are indebted to Mr. Carleton E. Curran, of the editorial stat? of 
Chemical Abstracts, for suggesting this term. 

Dessaignes, M., Compt. rend. Acad., 1854, xxxvill, 839. 

‘Dakin, H. D., J. Biol. Chem., 1905-06, 1, 271. 
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278 Oxidation Product of Creatine 


In the well known Engeland? process for the separation of nitrog- 
enous muscle extractives, precipitation with mercuric chloride 
and sodium acetate is carried out. After several days the precipi- 
tate is heated with dilute hydrochloric acid and decomposed with 
hydrogen sulfide. Under these conditions the possibility of 
creatine oxidation and liberation of methylguanidine must be 
considered. 

TABLE 
Effect of Injection of a-Methylguanido-Glyoxrylic Acid on the Composition 
of the Urine. 


Total : Urea Ammonia 


Day. Volume. | Creatinine. ! Creatine.* nitrogen. | nitrogen. nitrogen. 
ce. mg. gm. | gm. | gm. 

400 16 | 332 | 

2 410 165 15 3.659 | 3.201 | 0.186 

3t | | 

44 30 3.144 2.646 | 0.106 

7 3 | 

117 400 3 | 

5 | 

13t 435 | 180 | 9 

14t 545 180 


15t 


* Expressed as creatinine. 
+ From 0.1750 to 0.4000 gm. of a-methylguanido-glvoxylic acid were 
injected each day. 
EXPERIMENTAL. 
Preparation of @-Methylquanido-Glyorylic Acid. 


..2 1.0. 


20 pounds of hashed beef muscle were extracted in small quanti- 
ties by suspending in water and gradually heating to boiling. 
Aluminum hydroxide was added as a clearing agent. The clear 
watery filtrate was concentrated to about 4 liters, and enough 


> Engeland, R., Z. Untersuch. Nahrungs- u. Genussmittel, 1908, xvi, 658. 
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silver acetate and barium hydroxide were added to remove chlorine 
and phosphorus, respectively. The filtrate was precipitated with 
mercuric acetate. A neutral or slightly acid reaction was main- 
tained with the aid of sodium carbonate solution. After 2 hours 
the precipitate was removed and the filtrate permitted to remain 
at room temperature for 3° days. During this time copious 
precipitation had oeeurred. The solid was removed, washed, 
suspended in water, and decomposed with hydrogen sulfide. After 
removing mereuric sulfide and aerating, crystals appeared in the 
filtrate. An additional amount was obtained by extracting the 
mereuric sulfide with hot water. In all lO gm. of substance were 
obtained from 20 pounds of beef musele. The ervstals appeared 
as glistening flakes and melted at 203-2047 (uncorrected). 
The air-dried substance analyzed as follows: 


0.3210) gm. substance lost 0.0640 gm. water when heated at LOO” in 
vacuum over phosphorus pentoxide. : 
0.1070 gm. substanee required 17.7 ec. O.1 N sulfurie acid (Kjeldahl). 


(‘aleulated for 


(C,H Nz Found: 


0.0663 gm. substanee (dried over phosphorus pentoxide at LOO” in 
vacuum for 6 hours) required 13.6 ee. O.1 N sulfuric (Kjeldahl). 
Calculated for 
Found: 


0.1440 gm. substance was boiled for 1 hour with 100 ec. of 4 per cent 
ervstalline sodium acetate solution. Caleium chloride and a little acetic 
acid were now added and the boiling Was continued for a short time. The 
precipitated calcium oxalate was filtered, dissolved in dilute hydrochloric 
acid, and repreeipitated. Found,. 0.0454 gm. of ecaleium oxide: ealeu- 
lated, 0.0445 gm. 


The compound is very insoluble in cold, more soluble in hot 
water. It reacts acid to litmus, but dissolves in dilute mineral] 
acids as well as alkalies. Though it does not react with caleitum 
chloride in the cold, heating precipitates the oxalate in a very 
short time. It gives off all its nitrogen on prolonged boiling with 
barium hydroxide solution. 

The new compound is somewhat toxic. 0.1500 gm. injected into 
a guinea pig, weighing 350 gm. produced tonic contractions, stu- 
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por, and death within 2 hours. Injection into a dog increased the 
elimination of creatine in one experiment. The weight of the 
bitch was 7 kilos, and its diet consisted of dried bread and milk. 
The urine was obtained by a catheter. 


‘The last two experiments were performed by Mr. H. M. Hines to 
whom we wish to express our thanks. 
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REDUCTION OF ALDEHYDES TO CORRESPONDING 
ALCOHOLS. 


I, REDUCTION OF HEPTYLIC ALDEHYDE (OENANTHOL), 


By P. A. LEVENE anp F. A. TAYLOR. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 26, LOLS.) 


Two methods are in vogue for the reduction of aldehydes into 
alcohols. In one the reduction is accomplished by means of zine 
dust and is carried out in a solution of glacial acetic acid. The 
second consists in the use of sodium amalgam. The disadvantage 
of the first method hes in the time required for the completion 
of the reaction, and in the fact that the alcohol formed by this 
process combines with the acetic acid and is isolated in form of the 
corresponding acetate. 

The reduction with sodium amalgam was first carried out in an 
aqueous solution. This condition was found unsatisfactory be- 
‘cause of the low degree of solubility of the higher aldehydes in it. 
The process was subsequently modified and glacial acetie acid 
was emploved as solvent. Through this modification the vield 
of the alcohol was somewhat improved. However, part of the 
alcohol formed an ester with the acetic acid. The vield was 
approximately 40 per cent of the theory. 

Very recently the reduction of aldehyde to aleohol was accom- 
plished through the process of hydrogenation, by means of hydrogen 
in the presence of colloidal platinum. This method from the 
standpoint of vield was very satisfactory. It is, however, trouble- 
some when the reduction of large quantities of aldehyde is desired. 

Because some imperfection Is attached to every one of the exist- 
ing methods an attempt was made to reduce aldehydes directly 
by means of metallic sodium. The process was essentially the 
same as employed in this laboratory for the reduetion of esters 
to the corresponding alcohols. A fine emulsion of the metal 
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in toluene was-made and glacial acetic acid was used as a sol- 
vent for the aldehyde. ; 
| The apparatus for the reduction was the same as described by 
Levene and Allen for the reduction of esters. The details of the 
| operation are described below. Here it suffices to mention that 
the reaction is completed within 1 hour and that the aleohol 
remains uncombined with the acetic acid. The vield is about 
60 per cent, which is higher than the one obtained either by means 
of zinc dust or by sodium amalgam. 
The method will be extended to the reductionof otheraldehydes 
both of the aliphatie and of the aromatic series, 


EXPERIMENTAL. 


N-Heptylic Alcohol. Cenanthol, which boiled between 152 and 
156°, was reduced in 380 g¢m. lots in the apparatus described by 
Levene and Allen for the reduction of esters with sodium and 
aleohol. Four equivalents of sodium were suspended in 100 ce. 
of dry toluene, and the mixture was heated. When the sodium 
| was melted, the stirrer was rotated vigorously in order to form a 
4 fine emulsion. The bath was then removed and the flask quickly 
; cooled in ice, the stirring being continued. 
: ‘The oenanthol, mixed with 50 ec. of glacial acetic acid and 50 ce. 
2 of toluene, was then introduced through a dropping funnel at 
: 7 such a rate that there was no refluxing. The mixture was con- 
Be 3: tinuously cooled and stirred. In order to complete the reduction 
‘ Pe and dissolve all the sodium, 50 to 75 ec. of glacial acetic acid were 
next introduced in the same manner. The whole operation re- 
: | quired about an hour. 
When the reduction was finished, the flask was removed and 
| treated with water to dissolve the sodium acetate, and the lavers 
| were separated. The aqueous solution was saved for treating 
i | the next reduction product as, at times, the reaction product 
Boe contained some undissolved sodium. This solution could be used 
a: | safely instead of alcohol for completing the solution of the excess 
sodium. 
mS The toluene layers were united and distilled with steam. The 
4 first distillate, mainly toluene and acetic acid, was collected 
| separately. The distillation was continued as long as the odor 
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of heptylice alcohol persisted. The toluene distillate was fraction- 
ated and gave 15 per cent of the total vield of heptylic alcohol. 

The oily residue at the end of the distillation gave no further 
alcohol or acid after saponification with potassium hydroxide. 

The combined aqueous solutions obtained from the reductions 
contained no heptvlic alcohol; therefore they were discarded. 

The vield of heptvlic alcohol from 360 gm. of oenanthol was 208 
gm., or OS per cent of the theoretical. The substance boiled at 
173-177°C. On redistillation, the boiling point was 175.5-176.5°C. 
‘corrected ), 


d, = 0.8254, = 1.42463 


O.1010 gm. substance gave 0.2686 gm. CO. and 0.1240 gm. Hod. 


Calculated for 


Found 

. per cent per cent 

12.4] 
He 13.74 


N-Heptyl Phenylurethane.3) gim. of heptyvl alcohol and 3 
gin. of phenvlisocvanate were heated at 175°C. for a few minutes, 
cooled, and the solid product was recrystallized from dilute al- 
cohol. After four reeryvstallizations the melting point was con- 
stant at 60°C. (corrected). It ervstallizes in needles. 


0.2000 substance neutralized 8.49 ce. OLN HCL 
Caleulated for 


Found: 
per cent per cent 
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CEPHALIN V. 


HYDROCEPHALIN OF THE EGG YOLK. 


By P. A. LEVENE anp C. J. WEST. 
From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 28, 1918. ) 


VThudichum! who discovered cephalin represented its composi- 
tion in the following manner: 


(cephalyv) 
(stearyl) 
(neuryl) 


The various samples of cephalin analyzed by him had an elemen- 
tary composition which differed from that required by theory. 


Caleulated: Found: 


The composition of the substance led to an empirical formula of 
CyHegN + Analyzing the discrepancy of the theo- 


retical and empirical composition of the substance Thudichum 
writes: 


“But the assumption of the presence of five molecules of water of hydra- 
tion brings the constituent hydrogen to so low a figure that it cannot be 
explained out of the sum of the ehemolytic products. On the other hand 
the assumption of the presence of five atoms of loosely attached oxygen 
meets also with theoretical objections. The difficulty here touched re- 
quires evidently experimental elucidation.” 


' Thudichum. J. L. W.. A treatise on the ehemieal constitution of the 
brain, based throughout on original researches, London, ISS4, 5%, 58. 
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Subsequent workers have modified the view of Thudichum on 
the nature of two of the components of cephalin. Parnas? 
has demonstrated that cephalinic acid is an unsaturated normal 
octadecylic acid, and assumed it to belong to the diolefin series. 
Baumann’ and Renall* have shown that the basic substance of 
cephalin has the structure of amino ethyl aleohol. With this 
modification the theory requires the following composition. of 
cephalin. 


N 
per cent per cent per cent per cent 
6H. 16 4.18 


This composition differs from the empirical even more than the 
one required by Thudichum’s theory. None of the subsequent 
workers on cephalin have made any serious effort to explain the 
discrepancy. Our own? efforts to prepare a sample of cephalin or 
a derivative of it, having the composition required by theory, 
were not very successful. 

Y** it is important to bear in mind that nearly all samples of 
cephalin deseribed by various workers possessed practically 
identical compositions. Hence, one faces the following dilemma: 
Either cephalin as generally prepared contains a component which 
up till the present has escaped identification, or it Contains a con- 
stant impurity. Recently Levene and West® have shown that 
dehydrolecithin, having a composition required by theory, +t II 
eontained about 20 per cent of its nitrogen in the form of amino 
nitrogen. In this fact they saw an indieation of the possibility 
of isolating cephalin having the theoretical composition. This 
expectation has now been realized. From material prepared in 
the manner deseribed in the previous article, which was a mixture 
of reduced lecithin and cephalin, hyvdrocephalin has been obtained 
which possessed the composition required by theory, and which had 
in one sample 93 per cent of its total nitrogen in form of amino 
nitrogen and in another 97 per cent. 


Parnas, J., Brochem. Z., 1909, xxii, 411. 

> Baumann, A., Brochem. Z., 1913, liv, 30. 

* Renall, M. H., Biochem. Z., 1913, lv, 296. 

> Levene, P. A., and West, C. J., J. Biol. Chem., 1916, xxiv, 41; xxv, 517. 
* Levene and West, J. Biol. Chem., 1918, xxxiv, 175. 
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Thus the structure of reduced cephalin may be regarded as 
established and expressed as follows. 


H.C —~O—COC,;Ha; 


H 
H.C—-O—P=O0O 
OH 
The reason for the difficulty in obtaining the non-reduced sub- 
stance having a theoretical composition still remains obscure. 
Assuming cephalinie acid to contain three double bonds and 
further assuming that each molecule of the substance precipitated 
in the usual way contains four and a half molecules of water 
adhering to it, one obtains a calculated composition which does 
not differ essentially from the empirical. 


H N 
percent percent percent percent 
Poume 60.31 9 50 1.80 3.70 


Thus far there exists no other experimental evidence for or 
against this supposition. However, the fact that reduced cephalin 
of a theoretical composition is obtainable proves that cephalin 
itself possesses essentially the structure generally assumed for it. 

A point in the structure of cephalin which is still under discussion 
is that of the structure of the glyeerophosphorie acid contained in it. 
frankel and Dimitz have claimed that the glycerophosphoric acid 
in cephalin differs from that of lecithin, the latter rotating to the 
left, the former to the right. It was found that hydrocephalin had 
an optical rotation in the same direction and practically of the 
same magnitude as hydrolecithin. In the reduced cephalin as in 
the reduced lecithin an unsymmetrie carbon atom may arise only 
in the glvcerophosphoric acid when the phosphoric acid is attached 
to one of the terminal carbon atoms. Reduced cephalins and 
lecithin differ only in that the base in one is amino ethyl alcohol 
and in the other choline. It is hard to believe that these two sub- 
stances so closely related structurally and possessing practically 
the same optical rotation should be derived from two enantio- 
morphous glycerophosphoric acids. 
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Attempts to isolate the glycerophosphoric acid from cephalin are 
now in progress in this laboratory. 


EXPERIMENTAL. 


The starting material was in part the same which was deseribed 
by Levene and West in a previous article and in part another lot 
prepared in the identical manner. The previously described 
sample contained 20 per cent of its total nitrogen in the form of 
amino groups. The new material (No. 402) contained 13.09 per 
cent. 

The separation was completed in three phases. The first 
phase aumed to remove the traces of unsaturated material that 
might adhere to the substance. This step is accomplished by dis- 
solving the crude material in chloroform and by pouring the solu- 
tion into a large excess of dry ether. The analysis of the product 
obtained by this purification (No. 489) is reported in the accom- 
panyving table. 

The second step accomplished a concentration of the cephalin 
part so that the mixture consisted approximately of equal parts of 
the two components. This phase was arrived at through repeated 
fractional erystallizations out of a solution consisting of equal 
parts by volume of chloroform and ethylmethyl ketone; 1 part 
of air-dry material is dissolved in 15 parts of the solvent. As a 
rule four crystallizations suffice to achieve this phase. 

The final purification is accomplished by the reerystallization of 
the partially purified material out of a solution consisting of 1 part 
of chloroform and of 2 parts of ethyl alcohol (99.5 per cent); 1 part 
of the air-dry material is dissolved in 16 parts of the solvent. The 
eryvstallization is allowed to proceed at room temperature, and 
eare is taken to prevent evaporation of the chloroform, Out of the 
mother liquor on standing at about 10°C. a second preeipitate is 
formed which contains about 50 per cent of cephalin. The 
mother liquor of this material on standing at room temperature in 

an open flask loses part of its chloroform, and then gives rise to a 
precipitate which contains only a low proportion (14.86 per cent) 
of cephalin. 

The newly prepared sample will be designated Sample A, and 
the older one Sample B. 
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Sample A. 


Phase I, No. 402. 
0.1034 gm. substance gave 0.2474 gm. CO,., 0.1034 gm. H2O, and 0.0108 


gm. ash. 
0.19388 “ substance required for neutralization 3.43 ce. 0.1 N aeid. 
0.2903 “ gave 0.0424 gm. Mg.P,0O;. 
A sample of the material contained 0.03791 gm. total N and 0.00497 gtn. 
NH.-N. 


Phase IT, No. 442. 
0.1004 gm. substance gave 0.2422 gm. CO: and 0.098 gm. H.O. 


0.1912 * ce required for neutralization 2.83 ec. 0.1 N acid. 
0.2868“ gave 0.0410 em. of MgoP2O;. 
A sample of the material contained 0.03842 gm. total N and 0.01133 gm. 
NH.-N. 


No. 459. 
0.0998 gm. substance gave 0.2410 gm. COs and 0.0962 gm. H.O. 


0.1912 “ = required for neutralization 2.73 ce. O.1 N acid, 
0.2868 gave O.0O414 gm. Mg.P.O;. 
A sample of the material contained 0.02078 gm. total N and 0.007623 gm. 
NH.-N. 


No. 463. 

0.0956 gm. substance gave 0.2310 gm. CO., 0.0938 gm. H.O, and 0.0094 
gm. ash. 

0.2000 ** required for neutralization 2.73 O.1 N 

0.3000 gave 0.0436 

A sample of the material contained 0.0354 gm. total N and O.OL771 gm. 

Phase No. 465. 

0.1058 gm. substance gave 0.2520 em. CO,, 0.0992 gm. and O.O102 


gin. ash. 


required for neutralization 2.73 ce. OLN aetd. 


A sample of the material contained 0.01204 em. total N and O.O1124 
gin. 
Filtrates from No, 465. 
No. O47. A sample of the material contained O.O1S44 gm. total N and 
gm. 
+O 30 100 
[a]; = = + 60 
10 


Sample B. 


Phase | was reported in a previous paper. 
Phase II], No. 557. 
0.1054 gm. substance gave @.2612 gm. 0.0954 em. and 0.1059 
gm. ash. 
0.1932 required for neutraliza ion 2.53 ce. OLN aetd. 
* gave 0.0393 gm. 


fe 


2 
é 
« 


a 
, 
; 
ts 
: 
£3 
> 
ah 
ae 
‘ 
+3 


290 Cephalin. V 


A sample of the substance gave 0.008064 gm. total N and 0.005255 gm. 
NH.-N. 


+60 
D 0.5 10 


 +0.30 X 100 
[@] 


Phase ILI, No. 559. 
0.0996 gm. substance gave 0.2386 gm. CO., 0.0934 gm. H.O, and 0.0100 
gm. ash. | 
0.1934 required for neutralization 2.67 ee. O.1 N acid. 
0.29001 gave 0.0403 gm. MgoP.O;. 
A sample of the material gave 0.01383 gm. total N 
NH.-N. 


and 0.1361) gm. 


~O. 30 100 


| Rota- 
Phase of Cc H tien 
purification total 


per cent per cent per cent per cent 


Fi Sample A. I No. 402 | 65.25) 10.70; 2.13 | 4.07 | 13.09) 

II, 442 65.79 10.91 2.08 3.98 31.60 

I], 65.86 10.81 2.00 4.02 36.59, 

“ 463° 65.89 10.98 1.91 4.05) 50.00 

TIT 465 | 65.0 | 10.50; 1.97 | 4.29 | 93.02! 

| | | 14.86 +6.0 
Sample B. 11.80 1.80 3.90) 20.00 

556 | 65.26, 10.32) 2.01 | 3.97 | 65.19 +6.0 
HI 559) 65.33) 10.50 1.94 | 3.87 98.33) +6.0 
eu Theory for reduced | 

4, cephalin, | | 

65.80 11.05 1.87 4.15 100.00 
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FORMATION OF THE UNSATURATED ACIDS IN THE 
ANIMAL ORGANISM. 


FIRST PAPER. 


THE BEHAVIOR OF p-METHOXYPHENYLPROPIONIC ACID 
IN THE ORGANISM OF THE RABBIT. 


By IWAO MATSUO. | 


(From the Laboratory of Medicine, Imperial University of Kioto, Krote.) 
‘Received for publication, June 14, 1918.) 


According to the hypothesis of $-oxidation, as established by 
Knoop,! side chains such as — — H.- 
COOH, ete., attached to a benzene nucleus should be finally 
oxidized in the animal body to a —COOH group. It seems 
very probable that these side chains are oxidized, to a —COOH 
group not directly, but through several intermediary stages. 
The intermediary products, RCHOHCH.COOH, R.COCH,- 
COOH, R.COCHs, and RCH:CHCOOH have been isolated. 

Dakin’? found cinnamoylglycocoll in the urine of a cat to which 
phenylpropionic acid had been administered. Sasakit detected 
furfuraervlic glycine in the urine of a dog which had been given 
furfurpropionie acid. 

Sasaki isolated 2.7 gm. of furfuracrylie glycine in the urine of a 
dog after injecting 9 gm. of furfurpropiomic acid. Dakin could 
only isolate 0.45 gm. of cinnamoylglycine from 4 gm. of phenyl- 
propionie acid injected into a cat, and in some cases he could not 
isolate any cinnamoylglycine. 

This remarkable difference in the yields of the two investi- 
gators is very interesting. Probably the furan nucleus influences 


' Knoop, F., Beitr. chem. Physiol. u. Path., 1905, vi, 150. 

° Dakin, H. D., Oxidations and reductions in the animal body, London, 
1912, 17-35. 

§ Dakin, J. Biol. Chem., 1909, vi, 2038. 

4 Sasaki, T., Biochem. Z., 1910, xxv, 272. 
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the oxidation of the side chain differently from the benzene nucleus. 
Furthermore, different species of animals may produce different 
results. Dakin stated that he could isolate the cinnamoylglycine 
from the urine of a cat but not from the urine of a dog. 

The writer intends to ascertain the mode of formation of RCH: 
CHCOOH from RCH:CH.-COOH in the animal organism by 
changing both the nucleus and the animal. 

In the present experiment p-methoxyphenylpropionic acid was 
selected for the investigation of the behavior of side chain com- 
pounds in the animal body. In addition, it is interesting to ob- 
serve the fate of the methoxy group, for it is a well known fact 
that guaiacol is converted into catechol in the animal body. 

Rabbits were used as experimental animals. The p-methoxy- 
phenyl propionic acid was neutralized with sodium carbonate and 
was injected subcutaneously. Two kinds of crystals iso- 
lated from the urme. Before purification, an alkaline solution 
of mixed erystals decolorized potassium permanganate. After 
fractional crystallization, however, neither form of crystals would 
decolorize permanganate solution. A solution of mixed crystals 
showed no rotation in the polarimeter. The purified crystals 
gave neither Millon’s reaction nor any color test with ferric 
chloride. The existence of methoxy groups in both erystalline 
forms was shown by Zeisel’s method. 

The two erystalline compounds were identified as anisic acid 
and the glycocoll derivative of anisice acid. 

From the results of my experiments at this time, it appears that 
unsaturated acids occur as intermediary oxidation produets im 
the animal organisms im only verv special cases. This agrees 
with Dakin’s opinion, 

Further researches on the tormation of unsaturated acids in 
the animal organism will be continued. 


EXPERIMENTAL. 
Preparation of p-Methoryphenylpropionic Acid. 


Experiment Necording to the direction of Komatsu,’ tyro- 
sine was methylated with methyl iodide and caustic potash in a 


> Komatsu, S., Mem. Coll. Se., Kioto Imp. Univ., 1916, 1, 369. 
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methyl alcoholic solution. The product was p-methoxyphenyl- 4 
acrylic acid. It had a melting point of 170—-171°. | 
; 
Experiment 2.—Anisaldehyde and sodium acetate were con- iq 
densed according to Perkin’s method. p-Methoxyphenylacrylie id 
acid, melting at 170—171°, was obtained. 4 
p-Methoxypropionic acid was then synthesized by reduction iW 
of p-methoxyphenyvlacrylic acid with sodium amalgam and erystal- | i 
lized from hot aqueous solution. It melted at 101—102°. i. 
Feeding Experiments. 
After several preliminary tests, the proper dose necessary to . ( 
avoid too rapid death of the animal was ascertained. a 
The detailed description of two cases Is given. Hl 
q 
BEaperiment 3. Rabbit, 2, 3,000 Gm. 
p-Methoxypheny! pro- AG 
Date. pionie acid injected, Urine 
Lolth qm. ce a 
1.5 110 
21. 70 
be. | dred. 
| 5.0 PHO 
persment 3. Vhe 265 ce. of urine were evaporated to a syrup 


and extracted with a large amount of hot aleohol repeatedly. 
The aleohol solutions were evaporated to a residue. “This residue 
was dissolved in a small quantity of water, acidified strongly 
with 25 per cent phosphorie acid, and extracted twice with hot 
ether in a Suto-Kumagawa extraction apparatus. 

Extraction I (12 Hours).—After removing ether on a water 
bath, a erude crystalline substance was obtained, which decolor- 
ized potassium permanganate immediately. After two crystal- 
lizations from hot water, needles melting at 182°C. were obtained. 
Yield, O.S45 gm. This produet would not decolorize potassium 
permanganate and gave no test for nitrogen. The mother liquor 
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was concentrated and small flaky crystals melting at 170° sepa- 
rated. The yield was 0.975 gm. This product gave a positive 
test for nitrogen and did not decolorize potassium permanganate. 

Extraction II (24 Hours).—On cooling this ether extract, 0.413 
gm. of flaky crystals melting at 169° were obtained. The ether 
filtrate Was evaporated to a syrup. This syrup was removed to 
a porous plate and allowed to dry and the resulting product 
was dissolved in hot water. After cooling, 0.348 gm. of needles 
melting at 181° separated. The mother liquor was concentrated 
and prisms melting at 170-171° were obtained. The vield was 
0.05 gm. 


M elt ing 


lest for Test with Yield. 
pornt. 


Crystal form. nitrogen.  KMnOg | 


a | | | gm. 
A | 181-182 | Needles. | | | 1.193 
Flakes or prisms. | + | _ «1.438 


Date p-Methoxyphenylpro- 


pionic acid injected, Urine. 
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Experiment 4. Rabbit, 2,750 Gm. 
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Experiment 4.—In order to avoid bacterial putrefaction the 
urine Was evaporated every 24 hours. The syrups thus obtained 
| were extracted and acidified with phosphoric acid as in the 
; former experiment. It had demonstrated that the compound 
| containing nitrogen was more soluble in water and less soluble in 
j ether than the compound which contained no nitrogen. There- 
; fore, the following procedure was adopted. 
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I. The acidified solution was extracted with a large amount of 
cold ether. The ether solution was evaporated to a solid. This 
solid was then dissolved in hot water and allowed to crystallize. 
The crystalline material was filtered and again dissolved in hot 
water. On cooling, white needles separated. The yield was 1.7 
em. The product melted at 182° and gave no test for nitrogen. 
After concentrating the mother liquor, more needles melting at 
ISI° were obtained. The vield was 0.372 gm. Finally, flakes 
melting at 170° were obtained. The vield was 0.4 gm. They 
gave positive test for nitrogen. 

Il. Phe remaining phosphoric acid solution was extracted with 
hot ether for 12 hours. This ether solution was evaporated to 
dryness and the solid residue was shaken in a separatory funnel 
with cold ether. The insoluble material was filtered and the 
filtrate evaporated to dryness. The substance which was soluble 
in cold ether was erystallized from hot water. Needles melting 
at [82° were obtained. The vield was 0.677 gm. The material 
Which was insoluble in the cold ether was recrystallized from 
hot water in the form of prisms melting at 171°. The yield was 
O.343 gm. 

I1l. The phosphorie acid solution was again extracted with hot 
ether for 48 hours. After evaporation and ervstallization from 
witer, the only product was prisms melting at 170°. The yield 
of this extraction was 1.125 em. 


Melting Test for | Test with Yield 
ge. 
A Needles. 2. FAD 


170-171 or flakes. | 
The product A, melting at 1SO-182°, was identified as anisic 

acid. 

Analysis. 


O.1473 gm. substance gave 0.3376 gm. CO» and 0.0697 gm. 


i. * 0.3028 CO. “ 0.0624 “ H.O. 
Calculated for Found: 
I 
| 63.15 62.51 62.57 
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Determination of the Methoxry Group by Zeisel’s Method. 
0.2884 gm. substance gave 0.409 gm. AglI. 


Caleulated for 
: Found: 


The product B, melting at 170-171°, was identified as the glyco- 
coll derivative of anisic acid HC H.COOH ). 


Analysis. 


I. 0.1457 gm. substance gave 0.3040 gm. COs and O.O717 gm. H.O. 


i: neutralized 10.7 ce. O.L N solution. 
Ill. 0.1506 * 6.9 OLN NaOH 
ivy. “ gave 0.2472 gm. Agl. 

Caleulated for Found: 

6.70 6. SO 6.41 
14.83 13. 44 


The author is indebted to Professor T. Sasaki, of the Depart- 
ment of Medicine, and to Assistant Professor S. Komatsu, of the 
Department of Organic Chemistry, for their advice throughout 
this investigation, 


’ 
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THE FOOD VALUE OF EULACHON.* 


By MILO REASON DAUGHTERS. 


(From the Department of Chemistry, Oregon State Agricultural College, 
Corvallis.) 


(Received for publication, June 25, 1918.) 


Mulachon is an Indian name given to a species of marine fish 
found along the Pacific Coast from Oregon to Alaska. Myriads 
of them come into the fresh water during the first 38 months of 
the vear for the purpose of spawning. The eulachon is related to 
the smelt and it is often miscalled by this name. Like the salmon, 
they die atter depositing their eggs. The average weight of the 
1918 eatch at Kelso, Washington, was 52 em. and their average 
length 21.5 em. The edible portion’ including the roe or milt is 
approximately 84 per cent. 

The results of the chemical examination are recorded in 


Tables I to ITI. 


TABLE I. 


Gross Analysis. 


Edible portion. As purchased. 


per cent per cen 


Total solids. ..... 25.34 23.25 


* This work was done at the suggestion of Dr. Carl L. Alsberg, Chief 
of the Bureau of Chemistry, Washington, D. ©. 

1 For methods of dressing, cooking, and preserving the eulachon eon- 
sult U.S. Bureau of Fisheries, Economic Circ. 33, 1917. 
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298 Food Value of Eulachon 


TABLE II, 


Aqueous Extract. 


Acidity of extraet, 4.65 ce. 0.1. N NaOH per liter. 


per cent 


Nitrogen compounds. 
Proteoses, peptones, gelatin... 7 Trace. 
TABLE IT, 
Fat. 
Specifie gravity (25°C.)... 0.8958 Insoluble acids, per cent..... 94.51 
Refractive index (25°C.).. 1.4695 Soluble acids, per cent... ... 1.49 
Melting point, °C). 12-25 | Hexabromide No............ 4.75 
Iodine No. (Hanus). ..... 122.2 | Reichert-Meissl] No..........° 1.9 
Acetyl No........ | Maumené No...... 


The methods emploved are those given in the Journal of the 
Association of Official Agricultural Chemists? Total moisture 
and solids were determined by drying tn vacuo over sulfurie acid 
without heat. Proteoses, peptones, and gelatin were estimated 
by the tannin-salt method. S6rensen’s’ titration method was 
used for amino nitrogen, and Folin’s aeration method for ammonia 
and amine nitrogen. 

To obtain a sample of fat, the whole fish was passed through 
a food chopper, placed in a galvanized bucket, and a current of 
steam introduced near the bottom of the bucket for a period of 


Clark, D., and Almy, L. H., J. Assn. Off. Agric. Chem., 1916-17, 
i, 231. Report of the Committee on Editing Tentative and Official 
Methods of Analysis, Baltimore, 1916, 271. 

7 Sorensen, S. P. L., Biochem. Z., 1908, vii, 45. 
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15 minutes, stirring meanwhile. The cooked mass was. trans- 
ferred to a cheese-cloth sack, drained, and then expressed by means 
of a press. The liquor obtained in this manner, after standing 
for half an hour, separated into an upper oily and a lower aqueous 
laver. The lower layer was siphoned off leaving in the container 
the oil, which was filtered through a dry filter paper and dehvy- 
drated by treatment with anhydrous sodium sulfate, from which it 
was filtered, and then placed in a Freas eleetric oven at LOOPC, 
for2 hours. The finished product amounted to more than 3800 em. 

Unlike most fish oils, which are liquid at O°C., the fat of the 
eulachon is solid at 12°C. and gradually melts until it is all liquid 
at 25° 

The hexabromide number was determined by the Bailey- 
Johnson’ combination of the methods used by Tolman® and 
Suteliffe.’ This method is as follows: About | @m. of oil was 
weighed into a tared weighing bottle L inch in diameter by 6 
inches long, 25 ec. of absolute ether were added, and the mixture 
was cooled in ice water. Next there was added slowly drop by 
drop from a small burette a mixture composed of 5 ce. of bromine 
and 25 ee. of glacial acetic acid. To produce a deep red color 4 ce. 
of this brominating agent were necessary. After the addition of 
the bromine the weighing bottle was allowed to stand in a refriger- 
ator over night. [It was centrifuged the next morning for 4 min- 
utes, after which the solvent was decanted from the precipitate, 
10 ee. of ice cold absolute ether were added, stirred thoroughly, 
keeping cold in ice. Tt was again centrifuged + minutes. This 
process was repeated twice. After the last decantation of ether 
the container with the hexabromide was dried in an electric oven 
at 100°C. to constant weight. 

The hexabromide from the oil of the eulachon is snow-white 
in eolor. It turned brown at 145°C. and melted at TSO-IS FC, 

In food value the eulachon is equal to the salmon. It contains 
a higher percentage of fat than the salmon and in flavor is con- 
sidered superior. 


‘Unpublished data. Through the courtesy of Dr. H. S. Batley in 
charge of the Oil and Wax Laboratory, Washington. 

* Tolman, L. M., J. Ind. and Eng. Chem., 1909, 1, 340. 

® Sutelitfe, J. A., Analyst, 1914, xxxix, 2S. 
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EFFICIENCY OF MAIZE PROTEIN IN ADULT HUMAN 
NUTRITION.* 


By H. C. SHERMAN ano JET C. WINTERS. 


From the Chemical Laboratories of Columbia University, New York.) 
Reeeived for publication, June 22, LOLS.) 


The proteins of maize were systematically investigated first by Chitten- 
den and Osborne! and then by Osborne? who found that the maize kernel 
contains three globulins, asmall amount of albumin or proteose, an aleohol- 
soluble protein which they named zein (reviving the name introduced by 
Professor Gorham of Harvard University in 1821), and a protein insoluble 
in water, salt solution, or alcohol, but dissolved by very dilute potassium 
hydroxide, which has since been designated as maize glutelin. Osborne 
found in vellow corn-meal, 5.00 per cent of zein, 3.15 per cent of maize 
glutelin, and 1.48 per cent of all other proteins combined, including the 
nitrogen compounds insoluble in dilute potassium hydroxide. Later ex- 
periments in the same laboratory reported briefly by Osborne and Mendel’ 
revealed a much larger proportion of proteins soluble in dilute salt solutions 
and lead to the conclusion that zein constitutes only two-fifths to one-half 
of the total protein of the maize kernel, which also is in harmony with the 
results of Hopkins, Smith, and East.‘ 

Zein has been much more extensively investigated than have the other 
maize proteins. Using their method for the partial separation of the amino- 
acids resulting from protein hydrolysis, Nossel and Kutseher? found no 
Ivsine among the hydrolysis products of zein. Osborne and Clapp,® using 
highly developed methods, showed the absence of both lysine and trypto- 


Social Welfare, New York Association for Improving the Condition of the 
Poor, which shared in the expenses of this investigation by a grant from the 
research fund established by Mrs. Elizabeth Milbank Anderson. 

' Chittenden, R. H., and Osborne, T. B., Am. Chem. J., 1891, xii, 458, 
529; 1892. xiv, 20. 

* Osborne, T. B.. J. Am. Chem. Soc., U897, xix, 525. 

Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xviit, 1. 

* Hopkins, C. G., Smith, L. H., and East, E. M., Jllinotis Agric. Exp. 
Station Bull. 8%, 1908. 

Kossel, A., and Kutscher, F.,.Z. physiol. Chem., 1900-01, xxxi, 165. 

* Osborne, T. B., and Clapp, 8S. H., Am. J. Physvol., 1907-08, xx, 477. 
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302 Maize Protein 


phane. Willeoek and Hopkins? showed that a diet in which zein was the 
sole source of nitrogen was inadequate, and discussed this inadequacy in 
terms of the absence of tryptophane and lysine. Henriques’ reported 
inability of zein tomaintain nitrogen equilibrium, and Osborne and Mendel? 
found that with zein as the sole nitrogenous constituent of the diet the 
experimental animals quickly began to lose both body nitrogen and body 
fe. weight. But when tryptophane was added to the zein food, maintenance 
became possible and on the further addition of lysine to the diet growth 
MeCollum!! found zein unexpectedly efficient in the replacement 
of nitrogen lost through endogenous metabolism, the efficiency of zein 
nitrogen being rated at 80 per cent as against 50 to 60 per cent for gelatin 
nitrogen. Osborne and Mendel also showed that zein mav take the chief 
part in supplying the material for growth when it is fed in considerable 
amount along with small amounts of lactalbumin; ¢.g., with rations contain- 
ing 13.5 per cent zein and 4.5 per cent lactalbumin, growth was about three 
times as rap’d as with rations containing 4.5 per cent of lactalbumin alone.'” 
The superiority of milk proteins to those of maize, or at least of maize 
endosperm, is well recognized and need not be discussed here, especially 
as the present paper presents data dealing only with adult maintenance 

and not with problems of growth or of milk production, 
Although Osborne and Clapp® showed, in 1908, that maize glutelin eon- 
tains both Ivsine and tryptophane, there has too often been manifested a 
tendeney to think of maize protein in terms of zein. This is doubtless one 
reason for the wide curreney given to the estimate of Karl Thomas'® that 
the protein of corn-meal is only 30 per cent as efficient in the protein meta- 
bolism of maintenance as is meat protein. The evidence offered by Thomas 
is meager and his methods of experimentation and interpretation appear 
to have exaggerated greatly the differences in biological eflicieney which he 
Was attempting to measure. Osborne and Mendel, in 1914, emphasized 
the faet that zein constitutes less than half of the protein of the maize 
kernel and clearly stated, that, “‘Sinee maize glutelin, the next most abun- 
dant protein, has been shown to yield all of the amino-acids which zein 
lncks, and as it is probable that the remaining proteins likewise vield them, 
the amino-acid deficiencies of zein are thus more or less supplemented when 
the entire seed is fed.""'*) In the same paper’? they show experimentally 


Willeoek, and Hopkins, F. G.. J. 1906-07, xxxv, SS. 
Henriques, V.. Z. physiol. Chem., 1909, Ix, 105. 

# | * Osborne and Mendel, Carnegie Institution of Washington, Publication 
‘ . 

ag 156, 1911. 

Oshorne and Mendel, Brol. Chem., 1914, xvin, 346; 1915, xx, 37S. 


NIeCollum, V., Am. J. Physvol., 1911-12, xxix, 215. 
Osborne and Mendel, J. Biol. Chem., 1914, xvii, 348. Mendel, J. Am. 
Med. Assn., 1915, Ixiv, 1539. 
Thomas, WK., Arch. Physiol... 1909, 219. 
Osborne and Mendel,? p. 5. 
Osborne and Mendel,? p. 12. 
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that maize glutelin is able to support growth at a normal rate when it con- 
stitutes the sole nitrogenous material of the food. On the other hand when 
the protein of the ration consisted of a mixture of zein and maize glutelin 
in equal parts, the rate of growth was less than normal.!?!? 


Thus the experiments with isolated proteins fed singly or mixed 
show that zein alone is inadequate because of its deficiency in lysine 
wnd tryptophane, which deficiency may be made good by adding 
these amino-acids as such to the zein food mixture or by feeding 
mixtures of zein with protems which vield lysine and tryptophane 
on hydrolysis, and that maize glutelin is adequate as a sole protein 
food but is less efficient as a supplement to zein than is lvetalbumin. 
Since the proteims of maize other than zein and maize glutelin 
have apparently not been tested separately by feeding experi- 
ments, the nutritive efheieney of the mixture of proteins furnished 
by the corn kernel or its mill produets as used for human food 
‘cannot be ascertained in a quantitative sense from the data of 
experiments with isolated proteins. — It is of considerable scientific 
interest to know the efhiciency of the natural mixture of proteins 
furnished by the corn kernel endosperm as compared with that of 
other seeds. In this country especially, the great quantity of 
maize produced makes a knowledge of its food value of much 
econonnc Importance, and particularly at the present time when 
the mill products of maize are rapidly replacing those of wheat 
in the nutrition of large numbers of our people. As the result 
of many and prolonged experiments, chiefly on rats, MeCollum!* 
has frequently stated that the proteins of wheat and maize are 
about equally efficient in nutrition. Thomas,” from experiments 
on man, reported low efficiencies for both, with the maize distinctly 
lower than the wheat; but Hindhede!® who also worked with 
human subjects found the protein of wheat bread much more 
efheient than did Thomas, and has challenged the general 
validity of the latter’s work. 


‘6 Osborne and Mendel,’ p. 14. 

‘7 Further data and discussion on the efficteney of maize protein in growth 
have been published by Osborne and Mendel in a paper appearing since the 
above was written (J. Biol. Chem., 1918, xxxiv, 521). | 

MeCollum, J. Biol. Chem., 1914, xix, 329. MeCollum, V.. and 
Simmonds, N., xxxtii, 304. 

'9 Hindhede, M.. Shand. Arch. Physiol., 1914, xxxi, 259. 
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In experiments recently reported from this laboratory’? the 
substitution of maize protein for that of wheat to the extent of 
one-fifth to one-third of the total protein intake was found to be 
without unfavorable effect upon the nitrogen balance, whether 
the test was made by abrupt substitution in a low protein diet, or 
by ability to maintain equilibrium for a long time on a low protein 
diet of which the protein was largely that of corn-meal. In each 
of these cases there was some discomfort of digestion which was at 
the time attributed to the unaccustomed use of relatively large 
quantities of corn-meal, but which is perhaps at least equally 
attributable to the fact that the diet as a whole was too bulky 
and too starchy for the summer weather in which the experiments 
were performed. 

In the experiments here reported corn-meal has replaced all 
other starchy food and has furnished from 73 to 97 per cent of the 
total nitrogen intake. The subject, a woman of 5-4 to 55 kilos, not 
previously accustomed to any large use of corn products, has eaten 
300 gm. of corn-meal per day, in two series of experiments each 
covering 36 days without intermission. The other constituents 
of the diet were limited amounts of butter fat, sugar, apple, and, in 
some of the experiments, milk. At no time did the large intake of 
corn-meal have any detrimental effeet upon cither appetite or 
digestion. The corn-meal was prepared in the form of thin hard 
cakes, known as ‘corn scones,” dodgers” which when 
eaten were sufficiently hard to ensure thorough mastication. 
Although the scones were baked at a low oven temperature it is 
probable that most of the starch reached a higher temperature in 
the course of its cooking than if it had been prepared as a mush 
or as muffins or incorporated in ordinary loaves of bread. The 
starch Was so evidently well digested that it was deemed unneces- 
sary to make qualitative or quantitative tests for starch im the 
feces?’ The nitrogen of the feces was equivalent to 19 to 32 
per cent of the nitrogen intake. Doubtless a considerable part 
of this was either bacterial or“ metabolie’ nitrogen or represented 


°0 Sherman, H. C., Wheeler. L., and Yates, A. B., J. Brol. Chem.. 1918, 
XXXLV, 383. 

*! Quantitative studies of the action of specitie amylases upon wheat, 
maize, and potato starches are being made in this laboratory in cooperation 
with the Carnegie Institution of Washington and will be reported elsewhere. 
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the residues of material expended in digesting the non-nitrogenous 
constituents of the diet, since the purest preparations of amylase 
and lipase have been found to be composed essentially of protein 
material.” We have therefore not deducted the nitrogen of the 
feces from that of the food in our estimation and discussion of the 
nitrogen intake. If this were done, the apparent efficieney of the 
maize protein would be very materially increased. 

The first experiment lasted 28 days and resulted in a positive 
nitrogen balance on an intake of 5.85 gm. of nitrogen equivalent 
to 36.5 gm. of protein of which three-fourths was from corn-meal 
and one-fourth from milk. The milk was then omitted during 
the following 8 days which showed an average loss of only 0.63 
gm. of nitrogen per day, although the total intake was only 4.26 
gm. of nitrogen or 26.6 gm. of protein, corresponding to 34.5 gm. 
of protem per day for a man of 70 kilos and this entirely corn- 
meal protein except for the slight amount furnished by the apple. 
When this second experiment was repeated and continued for 
16 days a still closer approach to equilibrium was found, the 
average daily loss of nitrogen being only O46 gm. On introducing 
100 gm. of milk into the daily diet (Experiment IV), making the 
protein intake 30 gm. per day, of which 88 per cent was from maize 
(corn-meal), 10 per cent from milk, and 2 per cent from apple, 
a positive nitrogen balance was again obtained. 

Thus in the maintenance metabolism of man the efficieney of 
maize protem as found in these experiments is about the same ss 
that found for wheat protein by Hindhede and (in unpublished ex- 
periments) by Sherman and Osterberg. Nitrogen equilibrium was 
maintamed over long experimental periods with a protem intake 
considerably below that of the Chittenden standard, and of which 
very much the largest part was maize protem. This weuld idi- 
eate that far as the protemm requirement of maintenance is 
eoncerned one may rely almost entirely upon maize protein even 
in the case of a very low protein diet. Certainly one need not 
hesitate on the seore of the protem intake to substitute maize 
products entirely for the corresponding products of wheat, even 
Where these make up the main part of the food supply. 


22 Osborne, T. J. Am. Chem. Soc... xvit, Sherman, C., 
and Schlesinger, M. D., chid., 1911, xxxtii, 1195; 1912, xxxiv. 1104; 1915, 
xxxvil, 1305. Sherman, H. C., and Gettler. A. O. ¢bid. 1913, xxxv, 1790. 
Falk, K.G., and Sugiura, 1915. xxxvul, 217. 
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EXPERIMENTAL. 


All of the experiments deseribed in this paper were performed 
upon the same subject, a healthy voung woman of 54 to 55 kilos, 
whose muscular activity consisted in about 8 hours of laboratory 
work and a walk of about 2 miles daily. Throughout the 72 
experimental days covered by the investigation the subject con- 
sumed 300 gm. of corn-meal per day. This was taken in the form 
of thin scones or corn pones, prepared as follows: 300 gm. of corn- 
mel, 40 gm. of butter fat, and 5 gm. of salt were mixed with 400 
to 428 gm. of boiling water. The resulting thick mush was made 
into 12 small cakes about 2 of an inch thick, which were placed in 
a Freas electric oven set for a temperature of 190°C., and left for 
75 minutes. During the first part of this baking period the oven 
temperature was somewhat below that indicated because of the 
opening of the oven to introduce the material, and the absorption 
of heat in the evaporation of water from it. At the end of the 
baking the scones were a light golden brown color and crisp almost 
to the center. Special care was taken to adopt a time and tem- 
perature of baking which should involve no loss of nitrogen from 
the material, as shown by analysis of the finished product of con- 
trol tests, and vet vield a product sufficiently hard to ensure 
thorough chewing and insalivation before swallowing. Besides 
the corn pones, 30 gm. of butter fat, 35 gm. of sugar, and 300 gm. 
of apple were eaten each day. In Experiment 1 the diet also 
included 300 gm. of milk; in Experiments 2 and 3, no milk; in 
Experiment 4, 100 gm., in Experiment 5, 200 gm., of milk per day. 
Experiments 1 and 2 were continuous, Experiments 3, 4, and 5 
were also continuous. Thus the total of 72 experimental days was 
arranged in two series each of 36 days divided into nine continuous 
periods of 4 days each. Nitrogen and phosphorus balances were 
determined throughout Experiments 1 and 2; nitrogen, phosphorus, 
and ealeium balances throughout Experiments 3, 4, and 5. 

The data of intake and output are shown in Tables I to VI. 

All foods consumed, except the pure sugar and salt and the puri- 
fied butter fat, were analyzed for nitrogen, phosphorus, and (ex- 
cept in the first two experiments) calcium. Only distilled water 
was used. Table I] shows the extent to which the elements stud- 
ied were derived from maize, milk, and apple respectively in the 
different) experiments. 
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TABLE 


ie 
4 


Kinds and Amounts of Food Eaten with Daily Intake of Calorces, Protein, 


Phosphorus, and Calerum. 


i 


Experiment Experiment Experiment Experiment experiment 
Kind of food. ] ) os 


Wt.. 54 ikg Wt.. 55 Wt..54.4ke. Wt.,54.0ke. Wt 54.0 kg. 


eM) 


Butter fat... 70 70 70) 70 70 

rABLE 
and Propo ‘tion cr} \ a Calevum from 

I-xperiment No... I 2 

Nitrogen. 


| 


: \Lilk 0.47' 19 


Phosphorus, 


Total. 3208 O55 S49 
Natze 68 0.82 95 0.42 42 73 
Milk... 0.28 28 09 4) 
\pple 4 OOF 5 0.04 9 


ead 
or 


Total... OOS 0.20 | 0.33 
0.05. 63): 0.05! 25: 0.06 
Milk. 0:12: 0.2 
Apple. O05 0.05 0.08 9 


— 

~ 
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TABLE III. 


nae | Nitrogen. Phosphorus. 
Experimental period. Date. Pon 
| Urine. | Feces | Total. Urine. | Feces. | Total. 
Experiment 1. 

| 1918 | kg. | gm. | gm. gm. | ym. gm. | ‘is, 

Period I. | Feb. 5 | 53.5 | 5.65 0.96) 6.61; — | — | — 
0.96 6.05 0.46 0.49 0.95 

5.18 0.42 0.49 0.91 

0.96 5.46 | 0.37 0.49 0.86 

| | | | | | 

“ 55.41) 5.09 1.55 | 6.64 | 0.44 0.76 1.20 
4.33 | 1.55 | 5.88 | 0.45 | 0.76 | 1.21 

ae 5.18 | 1.55 | 6.73 | 0.46 | 0.76 | 1.22 

4.26 | 1.55 | 5.81 | 0.41) 0.76 1.17 
“ 13 | 55.0 | 3.83 | 1.00 | 5.22*| 0.42 | 0.57 | 1.02f 
1.005 5. 69* 0.43) 0.57 1.034 
15] 5.66* 0.43 | 0.57 | 1.038F 
5.70% 0.46 0.57 | 1.064 

| | | | 

“ 17 | 54.2 | 4.79 | 1.14 | 5.93 | 0.45 0.62 1.07 
IS | 3.97 | 1.14} 5.11 | 0.41 | 0.62 | 1.03 

114) 5.64 0.62 1.08 

20 | 4.52 | 1.14 | 5.66 | 0.39 | 0.62 | 1.01 

“ 21 | 54.4 | 4.68] 1.15 | 5.83 | 0.43 | 0.59 | 1.02 
| 4.62, 1.15 | 5.77 | 0.41 | 0.59 | 1.00 

+ 23 | | 4.37 | 1.15 | 5.52 | 0.37 | 0.59 | 0.96 

“ 4.72 | 1.15 | 5.87 | 0.43 | 0.59 | 1.02 

‘95 | 54.4 | 4.64) 1.25 | 5.89 | 0.35 | 0.70 | 1.05 
«3B: | 4.25 | 1.25 | 5.50 | 0.35 | 0.70 | 1.05 

wee ie | 4.81 | 1.25 | 6.06 | 0.48 | 0.70 | 1.18 

“ 28 | | 4.37 | 1.25 | 5.62 | 0.41 | 0.70 | 1.11 

« Ser. Mar. 1 | 55.2 | 4.52 | 0.95 | 5.47 | 0.43 | 0.50 0.98 
0.95) 5.56 0.38) 0.50) 

5.50) 0.42 0.50 0.92 
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* Including0.39 gm. of nitrogen  foreachof4days from menstrual flow. 
4 


| 

tof Nitrogen and Phosphorus in Experiments 1 and 2. 

I 
| 


H. C. Sherman and J. C. Winters 


TABLE Hil—Concluded. 


experimental period. 


Period 


Body 
weight. 


Nitrogen: 
Date. 


Experiment 2. 


| 


191s kg. 


| gm. | gm, gm. 


| 55.0 | 3.47 | 


TABLE IV. 


and 3. 


period. 


Pertod 


Nitrogen, Phosphorus. 
Date. 


“xperiment 3. 


141s Kg. gm. gm. 


gm, gm. gin. 
Mar. 28 54.83.950.73 4.68 0.310. 240.55 0. 


My 


4150. 
4.350. 
S10. 


54.93.78 1. 
3.93.1. 
4.051. 
3.301. 


73.90.08 


194.97 
195.12 


734.54 


195.24 
194.49 ( 


330. 
310. 


210. 
270. 
33.0. 
30.0. 


240 


300°, 
30 0.57 
30.0.6 


300.6 


734-88 0.310. 240.55 0. 


— 


Urine. 


050 


060. 
060. 


050. 
050. 
O60 073 
050. 


ww 
_ 


Phosphorus 


| Urine. Feces. Total. Urine. Feces. Total. 


Phosphorus, and Calcium in Experiments 3. 4. 


Feces. 
Total. 


gy. gm 


150 20 
10.21 
150.21 
150.21 


IS0.25 


ee 


vee 


* 
a 
7 
23 
4 
23 
= 
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3.83 | 1.42 | 5.25 | 0.34 0.71 | 1.05 | 
1.42 | 5.23 0.38 | 0.71 | 1.09 | 
. | 1.42 | 5.26 | 0.40 | 0.71 | 1.11 
“ | 1 42 | 5.10 | 0.33 | 0.71 | 1.04 | 
9 | 1.32 | 4.79 | 0.38 1.43 
3.28 1.32 4.60) 0.44 
2.88 | 1.32 | 4.20 | 0.33 1.38 
| “412 3.40 | 1.32 | 4.72 | 0.33 1.38 | 
Daily Output of Nitto, | 
] 
3 
Apr. 1 0) () 
() () 
3 ) () IS) 24 
IS 0.23 


510 


Iixperimental 
perio 


Period 


Period | 


Period | 


* Including 0.65 gm. 


+ 


Date 


Apr. 


Muy 


0.045 


Maize Protein 


PABLE IV—Coneluded. 


Nitroge: 


phosphorus 
*  ealerum 


Phosphorus 


of nitrogen for each of 4 davs from me 


experiment Continued, 
yy ay Gye, gt gn 
» of .03.73 1.204.938 0.310. 290.60 0.060.180. 24 
IST 204 0.290. 4670 050 1S 0.241 
8 551.205.40* 0. 300 200 6370 070.180 25 
9 53.7'3.710. 88.5. 24* 0.300. 23:0. 577'0.07 0.150. 23% 
5.300. SSi4.21 0.240. 230.47 0.050. 150. 
1] SOO.SS 4.68 0.300. 23'0.538 0.050.150. 20 
d20.88 4.40 0.200 23:0 48 07:0.150. 22 
experiment 4. 
53 083.760. 894 65 0 260.270. 538 0.100.190. 29 
3350.89 4.24 0.280. 270.55 0.09.0.190.28 
3. 0.290 270.56 0.100.190. 29 
0.89'4. 26 0.240.270. 51 10.080. 190. 27 
is (04.1:3 66:1 07'4 72 30 23:0. 38:0. 61 11:0.250.36 
iS 3 10. 180.2810 56 10.0710. 250 32 
14) 3$.441.07'4:81 (0.290. 380.67 (0.0710. 250. 32 
3 63:1 .07'4.70 0. 38:0:.63 (0.110.250. 36 
154.23 47:1.02:4.49 0.090.450. 34 '0.05'0.25.0.30 
OF] 024.96 0.190.450.0604 0. 060.250.3 
1171.025.19 '0.260.450.71 0.090.250.3 
24 3.4¢61.02:4.79 10.300.450.75 0.070.250. 32 
experiment 
25 3538.73.861.335.19 0.340.580. 92 0.090.360. 45 
Hy 70:1.33:5.08 0.37:0.580.95 0.0910.360. 45 
651.33 4.9S 0.3840. 580.82 0.100. 360. 46 
2s 1.33'4.48 10.29'0.58:0.87 10.1110.360.47 
54 64. 161.345.50 0.360.600.9656 0.07 0.340. 41 
30 3 431.344.77 0.2900. 600.89 0.080. 340. 42 
] BS S38 PSO HOO 0.34.0. 42 
53.93.338.1.34 4.67 0.340.600.94 0.09.0.34.0.438 
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TABLE V. 


Summary of Daily Intake and Output in Nitrogen and Phosphorus in 


pre riements ane 2, 


experiment 
4 dav periods, 


Average... 


experiment 


4 day periods. 


Average....... 


Period 


keg 
| 


w! 


wy 
~ 


y 
Weight. 


Nitrogen. 


Phosphorus. 


Grr. gm. grr. 

9.80 9.83 '+0.02) 1.00) 0.91* +0.09 
| 6.27 1.00; 1.21 
9.80) | 3.06 1.00 1.03 —0.03 
3.599  +0.26 1.00 1.04. —0.04 
9.89 9.74 1.00) 1.00 +0.00 
9.46 +0.09 1.00) 1.10 —0.10 
9.80 +0.5S, 1.00) 0.90 +0.10 


5.72 1.00 


1.26 | 5.21 0.86 1 
4.296 4.57 |—0.31 0.86 1. 
$26 4.89  —0.63 0.86: 1.: 


* Average of 3 days only. 


Experiment 3, 
4 day periods. 


Average. 


experiment 4, 


4 day periods. 


Average... . 


Experiment 5, 
4 dav periods. 


Average.... 


Period. 


TABLE VI. 
Summary of Daily Intale and Output in Nitrogen, Phosphorus. 


in Experiments 3, 4, and 5. 


038 —0.03 


and Calcium 


~ Nitrogen Phosphorus. Calcium, 
Out- Bal- In- Out- Bal- In-  Out-  Bal- 
take. put. ance. take. put. ance. take. put. ance. 
kg. gm. gm.) gm. | gm.) gm. gm. gm. gm. gm. 


4.364. 
rt O 4.56 4. 
4.36 4. 


444.364 


4.83 4. 
54.14.83 4. 
o4. 24. S3 4. 


04.83 4. 


| 
w 
~' wl 


O64 


34.15.06 4. 


: 5.064. 
ot 6: 


SO —0.440.460.56 —0.10 0.080. 
96 —0.60.0.460.58 —0.120.08 0. 
89 —0.53 0. 460.58 —0.120.080. 
63 —0.270.460.50 —0.04.0.0S0. 


82 —0.46.0.46.0.56 —0.100.080. 


48 +0.350.55.0.56 —0.010.200. 
77 +-0.06.0.55.0.62 —0.07 0.200. 
88 —0.05.0.55.0.63 —0.08 0.200. 


71 +0.150.550.60 —0.05.0.200 


| | | | 
92 +0. 140,890.92 —0.03 0.33.0. 
95 +0.110.890.91 —0.020.33 0. 


* Average of 3 days only. 


Il 


OF +0.120.890.92 —0.030.330.44 —0.11 


21 —0.13 
24 —0.16 
25 —0.17 
21 —0.13 


23. —0.15 


2S —0.0S 
34 -0.14 
32'-—0.12 


46|—0.13 
4? —0.09 


Int ‘ut- Out | 
put ynee peut nc 
= | 
| 
| 
\ . 
| 
\ 
| 
} 34.9 7 | —O. 21 
| 55.1 12 —0.56 
55.0 5 —0.39 
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EFFECT OF HEAT ON THE CITRIC ACID CONTENT 
OF MILK. 


ISOLATION OF CITRIC ACID FROM MILK.* 


By Hl. H. SOMMER ann FE. B. HART. 


(Prom the Laboratory of Agricultural Chemistry of the University of Wis- 
consin, Madison.) 


‘Received for publication, June 15, 1918.) 


The citric acid content of milk and the effect of heat on this 
acid was investigated with the idea of correlating the results 
with the alleged production of scurvy or Barlow's disease in in- 
fants fed heated milk. Citric acid was discovered as a normal 
constituent of cow’s milk by Soxhlet and Henkel in ISSS.' It 
was claimed by Obermaier? from his work in 1904, that the 
eitrie acid content of milk decreased on boiling; he claimed to 
have observed in some cases as high a decrease as 31.86 per cent 
of the total. It is believed by several investigators that the 
antiseorbutic effeet of fruit juices® is due to their citric acid con- 
tent; consequently if citric acid is an antiscorbutic and if there 
was a decrease in the content of this acid on heating milk, this 
fact might be used to explain, as often claimed, why heated milk 
should be more conducive to the production of scurvy than raw 

Method of Estimation. 


In the estimation of the citric acid in the different samples of 
milk Beau’st modification of that of Denigés was used. In this 


* Published with the permission of the director of the Wisconsin Agri- 
cultural Experiment Station. 

' Soxhlet and Henkel, T., Wiinch. med. Woch., IS88, xxxv, 328. 

2 Obermaier, G., Arch. Hyg., 1904, 1, 52. 

3 Funk, C., J. State Med., 1912, xx, 341. Gerstenberger, H. J., Am. J. 
Med. Sc., 1918, ely, 261. 

* Beau, Rev. gen. lait, 1903-04, 111, 385. 
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method the casei in the milk is precipitated by a dilute sulfurie 
acid solution of mereuric sulfate. The clear serum obtained 
by this precipitation contains the citric acid and an excess of 
mereuric sulfate. VPhis serum is then heated and the citric acid 
oxidized to acetone dicarboxylic acid, 
by the gradual addition of dilute potassium permanganate solu- 
tion. Phe acetone dicarboxyvlie acid forms a precipitate with the 
mercury, ‘This precipitate is then filtered from the cold solution. 
The preeipitate, dissolved in hydrochloric acid, is next titrated 
for the amount of mercury by potassium evanide and silver nitrate, 
using potassium iodide as an indicator. From the amount. of 
mercury found the amount of citric acid is determined. 


EXPERIMENTAL, 


Before starting the experiments on the effeet of heat on the 
citric acid content of milk and to satisfy our credulity as to the 
existence of this acid in milk we undertook its isolation. From 
10 liters of skimmed cow’s milk the casein was removed by aeidi- 
fying with hydrochloric acid. The serum was neutralized partly 
with sodium hydroxide and partly with lime water to the normal 
acidity of cow’s milk, heated, and the coagulated albumin filtered 
off. The clear serum was concentrated to O.1 of its) original 
volume. The floceulent precipitate which separated out at this 
point was assumed to be chiefly calcium citrate. This precipitate 
was filtered off and dissolved in dilute nitric acid. From this 
nitric acid solution the citric acid) was precipitated as lead citrate 
by the addition of lead acetate. The lead citrate was suspended 
in water and decomposed by hydrogen sulfide. After the lead 
sulfide had been filtered off the solution was concentrated on the 
steam bath to a svrupy solution, and then placed in a vacuum 
desiccator over calcium chloride. In a day or two the liquid 
was filled with ervstals. These were recrystallized from water 
and washed with ether. 

In this manner 5 gm. of ervstals were obtained from 10 liters of 
skimmed milk. We identified these erystals as citric acid in the 
following manner. 

I. The erystals were heated with 6 parts of ammonium hydrox- 
ide in a sealed tube at 120-130°C. for 6 hours. The contents 
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were then poured into a flat dish and exposed to light. A blue 
color gradually developed and finally changed to green. This is 
the characteristic Sabanin-Laskowski reaction for citric acid. 

Il. A water solution of the ervstals heated with dilute sulfuric 


acid solution of mercuric sulfate, with the gradual addition of 


potassium: permanganate solution, gave a white precipitate.  Uhis 
Ish positive reaction of Deniges’ test for eitrie acicl. 

Hil. The ervstals were dried for 48 hours in a vacuum over 
ealctum chloride, weighed, dissolved, and titrated with 
sodium hydroxide, using phenolphthalein as indieator with the 
following results. 


N alkal requires! for 


Weight of material. alkali required. 
gre. cc. 

0.4153 L2H Ob O7 

0.2122 335.00 33.17 


known citric acid ervstals dried and titrated in the same manner 
gave the following results. 


Weight of citric acid. | 0.1 N alkalt required. O.1'N 
gm. ee. ce. 
0.3872 | 61.00 


The close agreement of the actual amount of standard alkali 
used with the theoretical amount is further proof that we had 
eitric acid. The known and unknown were in good agreement, 
while the data also show that citric acid will lose its water of 
ervstallization by the treatment given these preparations. 

IV. Some of the crystals were dissolved and barium acetate 
was added to the solution. A white precipitate formed. This 
precipitate was digested on a steam bath for 1 hour and then 
filtered and washed with hot water and dried in a desiccator. — It 
was then weighed, dried to constant weight at 160°C., and weighed 
again. Known citric acid was treated similarly. 
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| | | Theoretical 

es | per cent of 

| Weight. | Lost. Water. water in 

| | Bas(CeH.0;)s. 

| 

| gm. | gm. percent per cent 
Preparation from milk....| 1.7168 | 0.2392 |. 13.92 13.75 


Known citric acid.........| 1.2468 | 0.1688 | 13.54 | 13.75 


In samples of the water-free barium citrate from milk and also 
in the known citric acid the amount of barium was determined. 


eht of | eight of | per cent of 
sample. Ba found. in 
2. 
gm. gm. per cent per cent 
Preparation from milk 0.2044 0.1807 52.03 52.16 
2144 0.1001 | | 
0.224; | 52.16 
Known eltrie seid 2256 0.2002 | 82.22 02.16 


0 2062 0.1833 | 52.32 02.16 
In both the water of ervstallization and barium content the 

barium salt of the unknown citric acid from milk agreed very 

closely with the theoretical and with known barium citrate. 

These data identify the erystals isolated from milk citric 
acid and confirm the earher work of Soxhlet and Henkel. 

In the experiments on the effect of heat, raw milk was compared 
with milk that had been boiled under a reflux condenser for 20 
minutes. The results, given in Column LT of Table IL. show that 
there was no decrease in the citric acid content. More severe 
heat treatment was then tried, the milk being boiled for 1 hour 
under a reflux condenser. Again, as seen from Column II, no 
change occurred, 

Obermaier? calls attention to boiling with access to air, claim- 
ing under such conditions a loss of 31.86 per cent of the eitrie acid. 
To imitate his conditions of experimentation milk was boiled in 
an open casserole for 30 minutes, with free access to the air in 
one case and in another experiment with air bubbled through the 
boiling milk. In each case the water lost as a result of evaporation 
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TABLE 
ffect of Heat on the Citric Acid Content of Milk. Gm. per Liter. 


29 2.29 2.29 2.482 482.262. 23 


to te 


2.29 2.32 
2.32 | 2.00 2.39'2. 391.97 
2.30) 2.30 
2.00 | 2.00 
A= raw milk with corresponding heated milk opposite it. 
Bo milk boiled under the retlux condenser for 20 minutes. 
1) in open casserole for 30 minutes. Evaporation water 


restored, 
milk boiled withair bubbled through for 30 minutes. Evaporation 


water restored. 
I = milk autoclaved at 15 pounds pressure for 20 minutes. 
H= “ 20 minutes, then filtered, and the opalescent 


serum compared with the serum from raw milk. 


was restored. The data given in Columns TID and TV show that 
even here no change in the citrie acid content of the muilk occurred. 

To determine the influence of high temperatures several sam- 
ples of milk were heated, some for 20 minutes and Inter some for 
| hour, in the autoclave at 15 pounds pressure. The results in 
Columns Voand VI again show no loss of citric acid even under 
these severe treatments. It has been suggested that the citric 
acid in milk, which is there as mono- and dicaletum citrate, might 
be changed to the less soluble tricalcium citrate on heating. To 
test the plausibility of this statement raw milk and milk which 
had been autoclaved for 20 minutes were filtered through a com- 
pact Iaver of asbestos until an opalescent serum was obtained. 
The serum on analysis showed no change in citric acid content 
as can be seen in Column VII. This result is in accord with the 
conclusion reached by Splittgerber: that citrates in milk are 
not converted to the insoluble tricalcium citrate on heating. 


6 Splittgerber, A., Z. Untersuch. Nahrungs- u. Genussmittel, 1912, xxiv, 
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31S Citrie Aeid from Milk 
SUMMARY. 


1. We have confirmed the findings of Sehetbe and Henkel: 
namely, that cow's milk does contain eitrie acid. Phe amount 
found was approximately 0.2 per cent of the milk, or 2 per cent 
of the milk solids. 

2. Citrie acid is not destroved in the heating of nulk even in the 
autoclave at 15 pounds pressure for | hour. 

3. The citrie acid salts of milk are not changed to an mesoluble 


form on heating. 
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THE FORMATION OF OXYPHENYLLACTIC ACID IN THE 
ANIMAL ORGANISM AND I7S RELATION 
: TO TYROSINE CATABOLISM. 


By YASHIRO KOTARE. 
Wirth THE COOPERATION OF ZENJL NEIATSUOKA. 


Blendermeann bas obtained from the urine of a rabbit. fed with 
a large amount of tvrosine. an acid ervstallizing mn long needles. 
It was soluble in ether. eave a strone Nillon’s reaetion. and 


the Composition ane the prestimble constitution 


Chis—-CHOH—COOH. The character of this aeid 


and the statement regarding its formation, however, were not 
given in detail Consequently, it seems that some authors did 
not entirely beheve in the constitution of the aeid as even by 
Blendermann. Dakin wrote ino his monograph: “Schotten ob- 
served the exeretion of mandehe acid following administration of 
acid, while Blendermann beleved that p- 
hvdroxyphenvl-a-lietic acid was present in the urme of rabbits 
when they were fed large quantities of tvrosine. The constitu- 
tion of Blendermann’s acid is doubtlal however.” 

Schultzen and Riess found previously an aromatie acid in the 
urine of patients who died of acute vellow atrophy of the liver. 
In spite of the similarity of its properties to those of Blender- 
man’s acid, it had the composition according to its anal- 
vais. They beheved that was oxvmandelic OH 
CHO —~COOH, 

After some vears an acid having the same properties was again 
Isolated by Baumann from the urme of a man suffering from 
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phosphorus poisoning, but he could not decide its constitution by 
analysis because of the small quantity available. Roéhmann and 
von Ackeren also obtained the same acid from the urine in a 
case of acute yellow atrophy of the liver, without identifying it 
accurately. 

The investigations of Neubauer concerning the fate of oxyphe- 
nylpyruvie and oxphenyllactic acid in an aleaptonuric patient, 
the observations of Kotake and of Suwa upon the cleavage of 
the same acids in normal human bodies, and the experiments of 
Kmbden and Schmitz on the tyrosine synthesis from the above 
named acids through a surviving liver, all speak in favor of the 
fact that, of the two acids, only the former is an intermediary 
stage of the physiological catabolism of tyrosine. Therefore, if 
Blendermann’s acid is really oxyphenyllactic acid, its formation 
‘cannot be accepted as exact without further investigations. 

Qn the other hand, according to our present view, it seems 
dificult to regard oxymandelic acid as a substance formed inter- 
mediately in the body. It is well known that putrefying bacteria 
are able to decompose tryosine yielding thereby oxyphenyllactic 
acid, so that in special pathological eases a previous formation 
of the latter and its conversion into oxymandehe acid might be 
assumed, 


OH€ CH; CH;— COOH——>0H € CHOH — CH, COOH 


CHOH — Coon 
But itis not likely, because oxymandelic acid has hitherto never 
been found in the urine collected after administering oxypheny!l- 
lactic acid. In any ease, the constitution of the acid of Schultzen 
and Riess is very doubtful. 

At the suggestion of Dr. Ellinger and in cooperation with him, 
[ attempted to solve this question: Is the aeid isolated by 
Schultzen and Riess true oxymandelic acid? 

At first we tried to obtain the acid described by these authors 
from the urine of a patient suffering from acute atrophy of the 
liver but were unable to find one. We, therefore, synthesized 
oxymandelic acid and compared its properties with those of the 
acid obtained by Sechultzen and Riess. After unsuccessful 
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investigations, we arrived at the synthesis of oxvmandelic acid 
in the following way: 

Methoxyvacetophenone was successively converted into meth- 
oxyphenylglvoxvlic, oxyphenylglvoxyvlic, and oxvmandelic acids 
and finally the latter was split into its optieal antipodes: 


\ 
< ‘CO — CH, CH,O0 > CO COO ET 
4 


We found that our synthetic d/-, /-, and d-oxyvmandelic acids all 
differed distinetly from the acid of Schultzen and Riess in their 
melting points. <A little later Fromherz also synthesized dl- 


; 


CORRECTION. 


On page 320, Vol. XXXV, No. 2, August. 1918, lines 10 and 27. for 


fie, read exruphenil propionic, 


167 168°C. and gave an intensive Millon’s reaction. However, 
this acid, according to its analysis, had the composition Cglhy).O., 
agreeing with Blendermann’s acid. My aeid was levorotatory. 

On the other hand, the possibility of obtaining a synthetic 
preparation of /-oxvphenyllactic acid was proved, so that by way 
of comparison, the constitution of my acid was determined with 


certainty. The synthesis was aceomplished by the action of 


nitrous acid upon /-tvrosine, although the vield was not great, 
and it was found that this svnthetie acid was identical in all 
respeets with mine obtained from the urine. 
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phosphorus poisoning, but he could not decide its constitution by 
analysis because of the small quantity available. Réhmann and 
von Ackeren also obtained the same acid from the urine in a 
case of acute yellow atrophy of the liver, without identifying it 
accurately. 

The investigations of Neubauer concerning the fate of oxyphe- 
nvlpyruvie and oxphenyllactic acid in an aleaptonuric patient, 
the observations of Kotake and of Suwa upon the cleavage of 
the same acids in normal human bodies, and the experiments of 
Kmbden and Schmitz on the tyrosine synthesis from the above 
named acids through a surviving liver, all speak in favor of the 
fact that, of the two acids, only the former is an intermediary 
stage of the physiological catabolism of tyrosine. Therefore, if 
Blendermann’s acid is really oxvphenyvllactic acid, its formation 


But it is not likely, beeause oxymandelic acid has hitherto never 
been found in the urine collected after administering oxyphenyl- 
lnctic acid. In any case, the constitution of the acid of Schultzen 
and Riess is very doubtful. 

At the suggestion of Dr. Ellinger and in cooperation with him, 
[ attempted to solve this question: Is the acid isolated by 
Schultzen and Riess true oxymandelie acid? 

At first we tried to obtain the acid described by these authors 
from the urine of a patient suffering from acute atrophy of the 
liver but were unable to find one. We, therefore, synthesized 
oxvmandelic acid and compared its properties with those of the 
acid obtained by Sehultzen and Riess. After unsuccessful 
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investigations, we arrived at the svnthesis of oxymandelic acid 
in the following way: 

Methoxvacetophenone was successively converted into meth- 
oxy phenylglvoxvlic, oxyphenylglvoxyvlic, and oxymandelie acids 
and finally the latter was split into its optical antipodes: 


CH; O SCO — CH, Co COOH —— 


4 


\ 


We found that our svnthetie d/-, /-, and d-oxvmandelic acids all 
differed distinetly from the acid of Sehultzen and Riess in their 
melting points. little later) Frombherz also synthesized 
oxvinandelie acid by another method, and its properties agreed 
with ours. Subsequently Neubauer carried out the optical 
investigation of the preparation which was isolated by Sehultzen 
and Riess. It was levorotatory. Thus it appears that the aeid 
isolated by these authors cannot be /-oxvmandelie acid, since 
there is a great difference in the melting point (about 60°C.) 
between this and our /-oxyvmandehe acid. 

Following a suggestion by Baumann, [T now undertook to 
obtain from the urine of dogs poisoned with phosphorus an 
acid which was supposed by Baumann to be identical with the 
acid of Schultzen and Riess. | obtained a substance that pos- 
sessed all the properties of the acid deseribed by Schultzen and 
Riess and Baumann. It eryvstallized in long needles melting at 
167 168°C. and gave an intensive Millon’s reaction. However, 
this acid, aeeording to its analysis, had the composition 
agrecing with Blendermann’s acid. My acid was levorotatory. 

Qn the other hand, the possibility of obtaining a synthetic 
preparation of /-oxvphenyvllactie acid was proved, so that by way 
of comparison; the constitution of my acid was determined with 
certainty. The synthesis was accomplished by the action of 
nitrous acid upon /-tyrosine, although the yield was not great, 
and it was found that this synthetic acid was identical in all 
respects with mine obtained from the urine. 
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Kliomination of l-Oxuphenyllactic Acid following the Administration 


of Tyrosine, 


The foregoing tacts give fair evidence that the acid of Schultzen 
and Riess is /-oxvphenvilaetie acid. Was, therefore, the acid 
isolated by Blendermann also /-oxvphenvilnetic 

We obtained the following results. 

/-VPyrosine, used for our experiment, was obtained by the di- 
restive aetion of trypsin on fibrin and then completely purified by 
repented reerystallizations from hot water. A rabbit) weighing 
emi. was usec, 

Rach day the animal was given [OQ of tvrosine by menus of 
tostomach tube. Until the 5th day of the experiment, the animal 
was healthy and its appetite good, but beenuse the animal ap- 
peared weak atter the 5th day, the feeding of tyrosine was cis- 
continued. The next davoa small quantity of protein was de- 
tected in the urine. 

The Specimens of urme collected separntely during the 
experiment were evaporated on the water bath to a svrup which 
was repeatediy extracted by hot aleohol, and the aleohohe extract 
earctully evaporated on the water bath. Then the residue 
Wits taken with water, str means of sulfurie 


acid, and extracted about ten times with ether. After distilling 
the ether extract, the oily residue was lett which, for the most 


part, ervstallized on’ the next dav. was again dissolved in 
water and lead acetate was added te it as long as a precipitate 
formed: then the filtrate was precipitated with basic lead acetate. 
The preeipitate, after washing, was finally suspended in water and 
decomposed by means of hydrogen sulfide. The filtrate, freed 
from bydrowen sulfide, was investigated in regard to its rotation 
and then further evaporated to asvrup. Tt was allowed to stand 
for some davs ina cool place, causing a crystallization of all the 
residues Obtained on the days on which tyrosine was given. All 
the results obtamed were put together in the following table. 
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Substance solu- 
ble in ether 
and 


Date. Reaetion. precipitable by Rotation. Remarks. 
basic lead 
acetate. 
g gm. 
Dec. 22-23 225 Neutral. Small No 
| quantity. rotation. 
“23-24 1315! Acid. 0.1958  Levorota- 10 gm. tyrosine 
tory. suspended in 10 
ee. Water given. 
‘25-26 |290 7OS4 10 gm. tyrosine 
suspended in 60 
ce. water given. 
| Animal appeared 
| weak. 
 27-28 |164| 0. 7540 No tyrosine given. 
2829 164 0. 2340 Protein detected in 
| the urine. Res- 
idue obtained 
from the ether 
extract did not 
ervstallize. 
‘20300180 Slightly Small No 


quantity. rotation. 


All the specimens of substance which were obtained in this way 
and found optically active, were dissolved together in water, and 
after again adding some drops of lead acetate solution, a resin- 
like precipitate formed which was filtered. The filtrate was again 
precipitated by basic lead acetate and this precipitate was treated 
with hvdrogen sulfide in the same way as before. The solution 
filtered off from the lead sulfide was evaporated to a small quantity 
on the water bath and allowed to stand for some days in a cool 
place. A substance giving Millon’s reaction was obtained, which 
ervstallized out in long colerless needles melting at 168°C. It 
was identified as /-oxvphenvilactic acid by the determination 
of its specifie rotation and its water of erystallization and by 
analysis, 
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0.5598 gm. substance (dried at 105-110°C.) in 23.5 ee. water, rotated 
in a 2 dm. tube with p light 0.88° to the left. 
= — 18.48” 


0.1606 gm. substance (dried in air) lost 0.0079 gm. water at 105-110°C. 
Calculated for 


(CyH + § HeO): Found: 
per cent per cent 


0.1481 gm. substance (dried at 105-110°C.) gave 0.3220 gm. CO. and 
0.0766 gm. H.O. 


C'aleulated 


for CyHyo hound: 

per cent per cent 


We beheve that our reinvestigation furnished evidence enough 
that the acid of Blendermann was /-oxvphenyvllactic acid and this 
result makes it appear probable that /--oxvphenvllactic acid may be 
a normal intermediary product of tyrosine catabolism in the 
animal body. It must be admitted, however, that this assump- 
tion is not likely to be true, ifthe results obtained by Neubauer, 
Kotake, and also Suwa, as mentioned above, are taken into 
consideration. From the results obtained by Blendermann and 
by us, it can no longer be doubted that /-oxyphenvllactic acid 
appearing in the pathological cases mentioned was also derived 
from tyrosine. Further investigations of the exact mechanism 
of tyrosine catabolism are much to be desired. 


Formation of l-Oxyphenyllactie Acid from Oxyphenylpyrucie Acid. 


Suwa found that a small part of oxvphenylpyvruvie acid admin- 
istered in the human body underwent reduction, so that d-oxy- 
phenvilactic acid was formed. Owing to this result, Neubauer 
advanced the following hypothesis: 


“An dem Vorkommen der /-Oxyphenyvimilehsiure unter verschiedenen 
pathologischen Bedingungen kann danach nicht gezweifelt werden. Diese 
Sdure kann nur aber nicht als sekundiares Produkt primar gebildeter Ke- 
tonsaure angesehen werden; denn wenn Oxyphenylbrenztraubensiure im 
Organismus (des Menschen) reduziert wird, so entsteht daraus die d-Oxy- 
phenyvimilchsiure. Somit der Schluss gerechtfertigt, dass /-Oxvpenyl- 
milchsiure einer primidren hydrolytischen NH ;-Abspaltung aus dem Ty- 
rosin ihre Entstehung verdankt, die anscheinend deswegen eintritt, weil 
der normale oxydative Abbau tiber die WKetonsiure infolge der Leberer- 
krankung unmoglich ist.”’ 
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I found previously, however, that oxvphenylpyruvie acid, na 
rabbit, was converted into /-oxyphenvilactic acid; although the 
latter, on account of its small amount, could not be aecurately 
identified. I therefore carried the same experiment further in 
order to arrive at a conclusion regarding the formation of /- 
oxvphenyllaetic acid in the animal body. 

lor the experiments dogs and rabbits were used, and the result 
confirmed the one obtained previously; namely, that, contrary 
to Suwa’s result, a small part of the oxyphenylpyruvie acid ad- 
ministered was converted into /-oxyphenyllactic acid. 

The investigations of Suwa, as mentioned above, were carried 
outin the human body. [also have performed some experiments 
in the human body but without obtaining clear results concerning 
the behavior of oxyphenylpyruvie acid in the animal organism. 
Reeently Matsuoka and have again taken up this problem. The 
results obtained were the following. 


Experiment 1.—At 8 o'clock, 2 hours after breakfast, one of us, weigh- 
ing about 50 kilos, and 35 years old, took by mouth 5 gm. of oxyphenyl- 
pyruvic acid in the form of the sodium salt. The urine (1,265 ce., specitic 
gravity 1.019), which had been collected during the 24 hours after taking 
the acid, was evaporated on the water bath nearly to dryness, and repeat- 
edly extracted by hot aleohol until the residue no longer gave Millon’s 
reaction. The aleohol extraet was distilled and the residue dissolved 
in water, strongly acidified by means of dilute sulfurie acid, and ex- 
tracted several times with ether. After distillation of the ether, the 
residue was taken up with water, treated with lead acetate, and then with 
basic lead aeetate. The last precipitate was suspended in water, de- 
composed by hydrogen sulfide, and the solution, filtered from the lead 
sulfide, was concentrated on the water bath to 18 ce. which gave in a 2 
dm. tube a rotation of —0.14°. The solution was then, after concentration, 
allowed to stand in a cool place, and a substance amounting to O.1 gm... 
giving Millon’s reaction, erystallized out in long needles. We dissolved 
these erystals melting at 145-155°C. in 14 ee. of water and polarized the 
solution in a 1 dm. tube. The rotation was —0.05°; the specific rotation 
was therefore [al], = —5.3°. Since this was less than one-third of that of 
pure l-oxyphenyvliactic acid, the solution was again evaporated on the 
water bath to a small quantity and inoculated with some erystals of 
l-oxvyphenyllactie acid. After a short time, 0.04 gm. of erystals, melting 
at 168°C. and possessing all the properties of l/-oxvyphenyllactie seid, 
separated out (see analysis below). 

From the mother liquor of this /-acid. a small quantity of a substance 
giving Millon’s reaction was obtained. Its melting point, after purifies- 
tion, reached 144-145°C. It was optically inactive, so that it is almost 
certain that we had obtained d/-oxvphenyilactic acid. 
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Thus we arrived at a second problem; namely, where and how 
dl-oxphenvlilactie acid is formed in the body. Our attention 
was drawn to the possibility that the latter acid may be formed 
in the intestines from oxyphenylpvruvie acid by the action 
of microorganisms. Consequently we undertook to carry out 
experiments not only by taking oxyphenylpyruvie acid by mouth 
but also by injecting it into the human body. 


Ev periment 2.--At 8.15, 2 hours after breakfast, a man weighing about 
60 kilos, and 24 vears old, took by mouth 5 gm. of oxvphenylpyruvie acid 
in the form of the sodium salt. The urine of the next 24 hours (485 ce., 
specific gravity 1.016) was treated in the same manner as described be- 
fore. Finally the solution, filtered from the lead sulfide, was evaporated 
on the water bath to 10.5 ce. and polarized in a 1 dm. tube, showing a 
rotation of —0.09°. From this solution, we isolated 0.02 gm. of a sub- 
stance possessing all the properties of /-oxyphenyllactice acid, 

Bar periment 3.—At 8.15, 2 hours after breakfast, a man weighing about 
50 kilos, and 17 vears old, took 6 gm. of oxvyphenyipyruvie acid in the 
form of the sodium salt. The urine of the next 24 hours (1,485 ce., specific 
gravity 1.016) was treated in the way deseribed above and the solution 
finally obtained by the decomposition of the precipitate of basie lead 
acetate was concentrated to 10.5 ee. It showed in a 1 dm. tube a rota- 
tion of —0.13°. From this solution, we could isolate needle-shaped crystals 
which melted at 155-160°C, and gave Millon’s reaction. They were, how- 
ever, not a homogeneous compound, so that by fractional ervstallization 
they could be separated into two different substances. One, melting at 


other, melting at 144-145°C. and giving Millon’s reaetion, was optically 
inuetive. and was identified as ¢/-oxvphenvilactic acid by the determi- 
nation of its water of ervstallization and its analysis. 


0.1012 gm. substance ‘dried in the air) lost O.0O4S water at 


('aleulated tor 


+ Hed): Pound: 
per cert pe Cert 
Ha) 4.71 4.74 


0.0963 gm. substanee (dried at 105- 110°C. ) vave em. CO. and 


0.0502 gm. 
C‘aleulated 


tor CyH bound: 

per cent per cent 

9.49 S4 


4.--At acm., before lunch, a man weighing about 70 

kilos. and 32 vears old. was subeutaneously injected with 7 gm. of oxy- 
; 

phenvipvruvie acid in the form of the sodium salt. In the urine collected 


. 

not be identified on account of its stall quantity: t } 
‘ V; ie 
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during the next 24 hours we could find neither the / nor the d/ form of 
oxvphenyllactic aeid. 

Experiment 5.—At 1.30 p.m., 1} hours after lunch, one of us was subcuta- 
neously injected with5 gm. of oxyphenylpyvruvie acid which was dissolved 
in 40 ec. of water and neutralized by sodium carbonate. For some time 
after the injection, he had a headache and the temperature rose as high as 
37.6°C., but the next morning he felt quite well. The urine (1,270 ce., 
specific gravity 1.020) which had been colleeted during the 24 hours after 
the injection, gave a strong Millon’s reaction, but protein or bile pig- 
ments were not present. The urine was treated in the usual manner and 
the solution finally obtained by the decomposition of the preeipitate of 
basic lead acetate was concentrated to 10.5 cee. and rotated im a To dm. 
tube, showing —0.26°. On further concentration a substanee ervstallized 
out which by its morphology, reaction, melting point (167—168°C.). specitic 
rotation, and analysis’ was identified as /-oxvyphenvilactic acid. In the 
mother liquor d/-oxvphenvlilactic was not present. 

0.0670 gm. substance (dried at 105--110°C.) in 10.5 ee. water rotated 
ina l dm. tube with p light —0.12°. 


; 010 


The analysis of the substanee so obtained was carried out after 
we had added to it the similar substance that we had obtained 
as aresult of Experiment 1. 

0.09031 gm. substanee dried at) 105- 110°C.) gave 0.2022 em. CO, and 


0.0490 em. 


C'aleulated 


for bound 

per cent per cent 


These data leave no doubt that oxyphenvipyvruvie seid admin- 
istered by mouth or by injection is, masmall quantity, reduced to 
l-oxyphenyilactic acid and ecliminated in the urine. Since oxy- 
phenvipvruvie acid, as mentioned before, may be regarded ass 
normal product of tyrosine catabolism, it appears reasonable to 
assume that /-oxvphenvilactic acid, found in certain diseased 
conditions or after administering tyrosine, is formed from the 
latter, oxvyphenyipyvruvie acid being an intermediary stage: that 
is, tvrosine administered or formed promptly and abundantly on 
account of very active disintegration of tissue proteins due to 
pathologie process, undergoes, at first, oxidative deamination, 
vielding oxyphenylpyvruvie acid, and the latter is then converted 
Into oxvphenvilactic acid. 
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In two experiments with oxyphenylpyruvie acid taken’ by 
mouth, we could unmistakably detect the presence of dl-oxy- 
phenylilactic acid in the urine, whereas we could not find any 
traces of it in the urine following the injection of oxyphenylpyruvic 
acid. Thus it appears most probable that the formation of d/- 
oxyphenyvllactic acid found by us takes place in the intestinal 
tract In which such reducing agents as some microorganisms or 
hydrogen in the nascent state are acting. 

The investigations of Aoyama and Yuyen, carried out in our 
laboratory, showed that Bacellus cole is capable of vielding oxy- 
phenvilactic acid at the expense of oxvphenylpyvruvie acid, but 
the acid found by them was also the / form, so that this result 
does not explain the probable formation of d/-oxvphenvllactic 
acid in the intestines. 

Although we are not vet able to explain the result of Suwa, 
that is the elimination of d-oxvphenvlilactic acid following the 
administration of oxyphenylpyvruvic acid by mouth, we may 
state here that its formation may take place, secondarily, by the 
asvinmetrical decomposition of dl-oxvphenyvllactie acid (see below ) 
which was primarily formed in the intestines. In any case it 
becomes evident that the hypothesis of Neubauer, quoted above, 
no longer has any basis, because, contrary to the result of Suwa, 
we could detect /-oxvphenvilectic acid in the urine following the 
administration of oxyphenyvipyruvie 


Asymmetrical Decomposition of dl-Oxyphenyllactic Nerd. 


My former experiments with d¢/-oxvphenvilactic acid dcemon- 
strate that it is combustible with diffeulty in the animal body, 
because its greater part is climinated unchanged in the urime, 
At that time the experiments were carried out only in rabbits, 
without considering the products which might be formed from the 
acid in the tissues, 

Recently | have repeated the same experiments giving especial 
attention to the probable asymmetrical decomposition of the d/- 
acid in the animal body. The experiments were carried out on 
mibbits, dogs, and a man with the following results. 


Erperiment 6.—A rabbit weighing 2,750 gm., received subcutaneously 
2 em. of dl-oxvphenyvilactic acid in the form of the sodium salt. The 
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urine, collécted during the 24 hours following, was treated as described 
above, and a substance isolated from it which was soluble in ether and 
precipitable by basic lead acetate. The substance had no optical activity. 

The substance thus obtained in an amount of about 1.5 gm. was dis- 
solved in water and neutralized with sodium carbonate and again injeeted 
subcutaneously into the same rabbit. The substance was isolated from the 
urine of the next 24 hours by the treatment mentioned above, showing 
slight rotation to the right. 

Eaeperiment 7.—A rabbit weighing 2,550 gm., was subeutaneously in- 
jected with L gm. of dl-oxyphenyllactie acid in the form of the sodium 
salt. The urine of the 24 hours following the administration of the acid 
was trea ed as before. The substance finally obtained showed a dextro- 
rotation. 

Two speeimens of the substance obtained from Experiments 6 and 7 
were united and reerystallized, after having been inoculated with the 
erystals of d-oxvph nvilactic acid. O.15 gm. of a substanee ting at 
164-166°C. and giving Millon’s reaction was obtained. It was dextro- 
rotatory. 

(.1490 gm. substance (dried in air) lost 0.0074 gm. water at 105 110°C 


Culeulated tor 


+ Het): Found: 
per cent per cent 


0.1462 gm. substance (dried at 105-110°C.) in 10.5 ec. water rotated in 
al dm. tube with p light + Q.22°. 


lalhp = + 14.33" 


percment &—A small dog weighing 3.500 received subcutaneously 
2 gm. of oxvphenvilaetic acid (injected twice at intervals of 2 hours) 
The urine which had been collected during the 24 hours after the last in- 
The substance finally obtained 


jection, was treated in the usual manner. 
It was further 


In an amount of gm. showed a distinet dextrorotation. 
recrystallized, d-oxvphenvilactic acid being used for inoculation, and a 
substance was separated which gave Millon’s reaction. The melting 
point was 165-167°C. 
em. substance (dried in air) lost 0.0073 gm. water at 105 110°C, 


Caleulated for 


per ce rf per cen? 


0.1515 gm. substance (dried at 105-110°C.) in 10.2 ce. water rotated 
inal dm. tube with pb light +0.25°. 


= +16.14 


From the foregoing data it is evident that d/-oxyphenyllactic 
acid undergoes asvmmetrical decomposition in the body of the 
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rabbit and the dog, the d-acid thereby remaining unattacked. 
The specific rotations of two specimens obtained from two rabbits 
and a dog were too slight for the pure d-acid. However, this may 
be regarded as due to the admixture of the dl-acid administered. 


0.1802 gm. substance (taken from the mixture of two specimens ob- 
tained from the rabbit and dog and dried at 105-110°C.) gave 0.3918 gm. 
CO. and 0.0922 gm. H.O, 


Caleulated 


for CoH Found: 
per cent per cent 


Experiment 9.--A man weighing about 50 kilos, and 35 years old, took 
by mouth 5 gm. of dl-oxyphenyllactic acid in the form of the sodium salt. 
The result obtained was similar to that of Suwa who showed in experi- 
menting on himself that the d/-acid is asymmetrically decomposed and 
the d-acid appears inthe urine. The d-acid which was isolated by us and 
purified by fractional reerystallization showed a specific rotation. of 
la|lp= +14.01. 


As previously stated, Neubauer found that) oxyphenyllactie 
aeid does not vield homogentisic acid when given to an aleap- 
tonurie patient. The acid used by him was, however, the dl- 
acid. From our results it becomes evident that the /-aeid is 
more or less readily combustible in the body. I intend, there- 
fore, to repeat the experiment of Neubauer with the /-acid onee 
more, in order to obtain a clear pieture of the course of the de- 
composition of /-acid in the animal organism. 


CONCLUSIONS. 


1. The acid found by Blendermann in the urine following the 
administration of tyrosine is /-oxyphenyvllactie acid.' 

2. Oxyphenylpvruvie acid administered in the animal organism 
is, for the most part, completely decomposed and a small part is 
converted into /-oxyphenyllactie acid, which in its turn is elimin- 
ated in the urine. According to our present view, there is no 
doubt that the above named ketonie acid is the normal inter- 
mediary product of tyrosine catabolism. Consequently l-oxy- 
phenyllactie acid found after administering tvresine or in certain 


' Dr. Matsuoka sueeeeded in isolating oxyphenylpyruvie acid from the 
urine of a rabbit fed with tyrosine’ (not vet published). 
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pathological conditions, may be regarded as derived from tyro- 
sine (administered or formed in the body) with the intermediary 
stage of oxyphenylpyruvie acid. 

3. dl-Oxyphenyllactic acid administered in the animal organism 
undergoes, in part, asymmetrical decomposition, the d-acid remain- 
ing unattacked. Thus it becomes evident that the formation of 
l-oxyphenyllactic acid from oxyphenylpyruvie acid in the body 
takes place by asvmmetrical reduetion of the latter. 
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THE RELATION BETWEEN NUTRITION AND THE FOR- 
MATION OF KYNURENIC ACID FROM TRYPTOPHANE. 


By ZENJL MATSUOWA. 


From the Medical Chemical Institute of the Medical College, Osaka. 
Received for publication, June 6, 1918.) 


The investigations of Abderhalden, Hopkins, Osborne and 
Mendel, and others give evidence that tryptophane is one of the 
amino-acids essential for nutrition of the animal body. Never- 
theless our knowledge concerning the intermediary stages of its 
eatabolism is not great. 

Kvnurenie acid, discovered by Liebig in the urine of dogs, was 
investigated in all details bv Ellinger, and it became evident that 
this acid is formed trom tryptophane in the body. But the 
physiological significance of its transformation was not deter- 
mained, 

In the course of the other experimental investigations, concern- 
Ing kvnureme acid, | tound that the quantity of the latter, fol- 
lowing the administration of tryptophane, was not constant, 
although the same rabbits weighing 2 to 3 kilos were given lgm.ot 
irvptophane subcutaneously im each instance. It seems likely 
that this variation, aside from the individual differences in the 
animals, was due to the state of their nutrition. 

I] have therefore carmed out some experiments in which the 
rabbits used were all fed in exactly the same way, and have found 
in all cases that the elimination of kvnureme acid became almost 
constant, especially in the same individual. The experiments 
were then continued to include a study of the exact relation 
between nutrition and the transformation of kvnurenic acid trom 
tryptophane in the animal body. 


EXPERIMENTAL, 


Rabbits of 2 to 3 kilos were used. Tryptophane for the in- 


jection was obtained by the pancreatic digestion of fibrin, and it 


“doe 


Se coger 


> 


+ 

bs 
< 
x. 

| 

ke 

ee 
EG 
ba 


Kvnurenie Acid 


was vompletely purified by recrystallization. Kywnuremic acid 
eliminated in the urine was estimated as follows: 

The urine collected during the 24 hours following every adminis- 
tration of tryptophane (or kvnurenic acid) was evaporated on the 
water bath almost to dryness and the residue repeatedly extracted 
by alcohol until the aleohol was no longer colored. The residue 
obtained by the evaporation of the alcohol was dissolved in water 
and acidified with sulfuric acid, whereupon the larger part. of 
kyvnurenic acid separated out. The mixture was allowed to stand 
in a cool place, after it had been covered with a small quantity of 
ether. The next day the precipitate was filtered and washed with 
water untila portion of the filtrate no longer reacted acid. [t was 
then washed with aleohol and ether, dried at 1O05°C., and weighed. 
The mother liquor of kyvnurenic acid) was repeatedly extracted 
with ether, in order to remove the substances soluble in the latter, 
and then precipitated with phosphotungstic acid, for the isolation 
of such substances as kynurenie acid and tryptophane. The 
precipitate obtained in a small quantity, was treated with baryvta 
water. The filtrate, after the removal of barium, was concen- 
trated and allowed to stand in a cool place, but vielded nothing. 


Bear ni i. 


During the first period the animal was fed with okara, residue 
obtained from bean curds, and a small amount of fresh vegetables 
and several times injected subcutancously with | gm. of trypto- 
phane in the form of sodium salt. The animal was then tasted, 
but during this second period the sodium salt of tryptophane was 
repeatedly injected. During a third period the animal was again 
fed in the same way as during the first period and injected several 
times with tryptophane. In the course of the experiment the 
rabbit was oceasionally injected with 0.5 gm. of kynurenic acid 
in the form of sodium salt for the examination of cleavage in the 


body. 
pe riment 2, 
The conditions under which the experiment was carried out 


were similar to those of Experiment 1. The influence of vene- 
section on the formation of kvnurenic acid was investigated. 
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Karperiment 3. 


‘The experiment was carried out under the same conditions as 
Experiment 1. But here the frequency of the administration of 
tryptophane was reduced in order to avoid as much as possible 
the stimulation caused by the injection. At the end of the experi- 
ment the fate of kvnuremie acid was investigated. 


CONCLUSIONS, 


The rate of the formation of kvnurenic acid from trypto- 
phane (1 gm. injected) is almost constant in the rabbit, especially 
in the same individual, if it is fed under the same conditions. 

This rate is not changed during the actual period of fasting 
but it is distinetly diminished during the next feeding period, at 
the time of the recovering from fasting. 

The influence of venesection on the rate of the formation of 
kvnureme acid is not ascertamable. 

4. In the animal body kvnurenie acid is very stable, or its de- 
composition occurs only to a small extent. 

From the results described above it may be interred that the 
formation of kvnurenic acid from tryptophane does not indicate 
a phase in the process of nutrition. This consideration is in accord 
with the result obtaimed by Asavama; namely, that kvnurente acid 
‘cannot take the place of tryptophane tor the maimtenance of 
nutrition. 


FABLE I. 


Date. Substance injected, Reaction. Remarks 
gin gm. ee. 

June 24 2,450 

2,350) 1.0 tryptophane. 220) Alkaline. 
July 1 | 2,380 0. 190 Acid, 

2,450 Alkaline. 

2.420 

2,370) 1.0 tryptophane. 205 

™ 12 | 2,370 2248 158 Acid, 

13 | 2,350 160) Alkaline. 

140 2.560 1.0 tryptophane. 
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Substance injected. 


1.0 tryptophane. 
1.0 trvptophane. 
1.0 tryptophane. 


1.0 tryptophane. 


LO tryptophane. 


OD 


kvnurenie 


L.0 trvptophane. 


1.0 trvptophane. 
0.5 kvnurenie 


L.O tryptophane. 


LOtrvptophane. 
kvnurenie 
weld, 


LO tryptophane, 


INvnu- 


acid, 


Urine 


Qin. Ce. 
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1472 247 
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aeid 


by mouth. 
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2 370 
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2,220 0.2432) 53 
160 37 “ 
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gm. 
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TABLE H—Concluded. 


| 
Date. Substance injected. | 
| acid. 
gm. gr. 
sept. 1 | 2,720} 0.0684 
6 2,680) 1.0 tryptophane. | 
7 | 2,710 0.1472 
11 2,780 «(1.0 tryptophane. | 
5 12 | 2,850 | 0.2238 
17) 2.820) 1.0 tryptophane. 
IS) 2,860. 2254 
2,880 1.0 tryptophane. 
| 2,900 0. 222% 
TABLE IIL. 
Kynu- 
Date. Substance injected. 
gn grr 
Apr. 25) 2,220) 1.0 tryptophane. 
0.3730 
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2805 
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THE DECOMPOSITION OF MUCONIC AND ADIPIC ACIDS 
IN THE ANIMAL BODY. 


By YOSHITANE MORI. 


From the Medical Chemical Institute of the Medical College, Osaka.) 
(Reeeived for publication, June 6, 1918.) 


Some aromatic substances readily undergo combustion in the 
animal organism with the splitting of the benzene ring. It is 
well known that aromatic amino-acids derived from protein 
hvdrolysis, tyrosine and phenylalanine, are completely oxidized 
in the body. Most investigators believe that these amino- 
acids are decomposed over homogentisie acid. In fact the latter 
is easily burned in the animal body and capable of yielding ace- 
tone bodies in the perfusion experiment with a surviving liver. 
However, the manner in which homogentisic acid is converted into 
acetone bodies is unknown. 

Jaffé discovered an unsaturated acid, namely, muconie acid, in 
the urine of dogs and rabbits to which benzene had been given, 
and by that fact demonstrated for the first time the demolition of 
the benzene nucleus. 

At that time Jaffé found that his acid was readily combustible 
in the animal body, so that when injected into a rabbit to the 
amount of 2 gm., only | per cent was eliminated unchanged in the 
urine. According to the result of Jaffé’s experiment, muconic 
acid or any of its derivatives might be regarded as intermediary 
products during the process of the vital cleavage of tyrosine and 
phenylalanine. Fromherz and Hermanns believe that these 
last two acids decompose through a dual path as follows: 
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Ol () HOOC, 
CH 
COOH— 
CH.- COOH CH, LCR 
CH, 
CHNH, HO ay 
HOOC 
COOH CH, CH, 
| | 
(OOH COOTI 


Previously im the laboratory of Jaffe, INotake carried out a 
feeding experiment with tyrosine. The urine of a rabbit was 
examined for muconic acid or any of its derivatives, with negative 
result. Later Kotake, working on investigations of the fate of 
bivalent fatty acids in the animal body, found that adipic aeid 
was with diffieulty subjected to animal combustion and that a 
greater part of the acid administered was eliminated unchanged 
in the urine. 

In chemical constitution muconic acid differs from: adipie acid 
only in that the former possesses two double linkages, while the 
latter is a saturated compound having the following formulas. 


COOH — CH = CH — CH = CH — COOH 
(muconie neid) 

COOH — CH, — CH, — CH. — CH. — COOH 
Cadipie acid) 


It is well known that there is considerable difference between 
saturated and unsaturated compounds in their behavior towards 
many chemical reagents. But so far this difference has not been 
verified in animal oxidation in which the combustibility of sub- 
stances is chiefly decided by other physiological relations. Con- 
sequently the easy combustibility of muconie acid in the animal 
body contrary to the behavior of adipic acid, appears to indicate 
an important physiological meaning. It is therefore desirable 
that the investigations as to the fate of both acids—muconie and 
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adipie—in the animal body should be simultaneously and exactly 
repeated, so that both results may be accurately compared. 
Following this suggestion of Kotake’s, I undertook to repeat the 
experiments of Jaffé and of Notake. 


EXPERIMENTAL. 


Muconie and adipic acids used in the experiments were syntheti- 
cally prepared in the following ways. 

Mucie acid obtained by the action upon milk sugar was, at first, econ- 
verted into dichloromuconic acid by means of phosphorus pentachloride, 
according to the deseription of Bode, and then into hydromuconie acid. 
Finally, the latter acid was changed into muconie acid over dibromo- 
muconie acid according to Limpricht and Marquardt. 

Adipic acid was prepared according to Markownikotf by the action 
of nitrie acid upon cyclohexane which was obtained through the redue- 
tion of benzene according to Sabatier and Senderens. 


The experiments were carried out on rabbits fed with okara 
(a residue obtained from bean curds). The animals were sub- 
cutaneously injected with muconic and adipic acids, previously 
neutralized by means of sodium carbonate. Each specimen of 
the urine collected during the following 24 hours was examined. 

It may be probable that adipie acid is eventually oxidized into 
oxalie acid, this oxidation taking place according to the 3-oxidation 
of Knoop. 

COOH — CH, — CH, — CH, — CH, — COOH 


(COOH — CHL — CH. — COOH) 
| 
COOH — COOH 


Recently Hensel and Riesser found that the surviving liver 
forms acetone bodies from muconie acid. 

(Consequently in my experiments with these acids I intended, 
on the one hand, to estimate the rate of their vital cleavage and 
on the other, to investigate the increase of oxalic acid in the urine, 
and further to examine the formation of acetone bodies from 
adipic acid in the surviving liver. The quantitative determina- 
tion was carried out by the process of Autenrieth and Barth, the 
acid being isolated in the form of calcium salt and then converted 
into calcium oxide. 
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The mother liquor, which reacted alkaline on account of the 
presence of ammonia, was evaporated on the water bath to about 
50 cc., and after cooling strongly acidified by means of hydrochloric 
acid, and was extracted fifteen times with ether. The ether was 
distilled to about 50 ce. and then decanted into a beaker and 
allowed to stand in the air. Muconie or adipie acid, eliminated 
unchanged in the urine, erystallized out. This was carefully 
purified and weighed. 

All results obtained are summed up in Tables to VIII. 

TABLE I. 
Rabbit A, Weight about 3,450 Gm. 


acid 


gm. om gm. cc. | 
Nov. 3 | 0.0084 218 1.013 Slightly 
alkaline. 
4 QO OOSS 195 1.015 
~Mueonic acid injected 
subcutaneously in the 
form of the sodium 
| salt. 
6 0.0085 218 1.015 Slightly 
| aeid., 
Same as for Nov. 5. 
| 1941019 * “ 
Mar. 9 OS Same as for Nov. 5. 
10 0.59040. 00401531 024 Neutral. 


All specimens of muconic acid obtained from the urine erystal- 
lized out in prisms of a brownish color. They were dissolved 
together in water with sodium carbonate, decolorized with animal 
charcoal, and then thoroughly acidified with sulfuric acid where- 
upon muconiec acid separated out. It was filtered off, reerystal- 
lized from alcohol (80 per cent), and identified by analysis. 


0.2351 gm. substance (dried at 100°C. in vacuum) gave 0.4356 gm. CO. 
and 0.0935 gm. H.O. 
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TABLE IL. 


Rabbit B, Weight about 2,750 Gm. 


ge 
=: 
gr 
Apr. 30 oS 
May 1 0069 210 1 020. 
i O OLAS S45 1 O16 
3 os 
0 0146 145 1 O25 
Trace. 015 
1 240 1 015 


115 1 O20 


Reaction Remarks 


Mueconie acid injeeted 
subcutaneously at 
once In the form of 
the sodium salt. 

Shghtly 
acid, 
Slightly 
alkaline. 

Oxalie acid estimated 
in urine collected 
during 36 hrs. 

Muconie  aeid dis- 
solved in 20 ce. of 
water, neutralized 
by sodium carbon- 
ate, divided into 
four portions, and 
each portion in- 
jected subcutane- 
ously at intervals of 
3 hrs. 

Slightly Urine of the 24 hrs. 
aend, after the first injee- 
Neutral. tion and urine of 
the following 12 
hrs. separately col- 
lected: mueconie 
acid was estimated 
in each specimen. 
Oxalic esti- 
mated at one time 
in all the urine of 
the 36 hrs. 
Slightly | 
alkaline. 
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All specimens of adipic acid obtained from the urine were com- 
bined, reerystallized, and identified by analysis. 


0.2058 gm. substance (dried at 105-110°C.) gave 0.3712 gm. CO, and 
0.1305 Pil. H.O. 


> 
Rabbit C 
Muconic 
Date. etd 
in urine, 
= 
gm. gm. 
May 11 
| | 0.5716 
| 
13, 12 hrs. Trace. 
later. | 
“ | Not 
later. present. 
OS 0.340 
Not 
present. 
17 


TABLE 


, Werght about 3,400 Gm. 


i 
- 
i g 
i 


IIT. 


Calculated 
for CeHyoO.: Found: 
per cent per cent 
49 29 49.19 
6.90 7.10 
Remarks. 


Reaction. 


1141.022. Slightly 


IS$ 1.015 


125 1.016 


230.1015 


157 1.015 


alkaline. 
sé 
ae aa 


~Mueonie acid in form 


of its sodium salt 
was dissolved in 20 
ec. of water and 
given by stomach 
tube. 


In every experiment with muconic or adipic acid I have esti- 


mated the oxale acid in the feces of the 24 hours before and after 
the injection of one acid or the other, but found no difference in 
any two specimens (data omitted). 


As the tables show, my conclusions, contrary to those of Jaffé, 


indicate that muconie acid was for the greater part eliminated 


unchanged in the urine. 


The result obtained with adipic acid 


was similar to that of Kotake, and the greater part of the adminis- 
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Date. 


June 10 


13 
14 
July 1 
) 
th 
ae 3 


Adipie acid 


TABLE IV. 


#iven. 


< 
~ 
~ 


2.0) 


OOS 


| 
| 5 Reaction. 
| (2! && 
grr gr. ce. 7 
0 OOAS 1801012 Slightly 
alkaline. 
1.10850.0130 146 1.025“ 
O OOOO TOS T.O12 
0.0042 1801011“ 
0.97460. 0190 1251.025  Shghtly 
| 
0.0042 215 1.013 Slightly 
| alkaline. 
0.0064 192 1.013 
‘1.0968 0.0189 127 1.025 Slightly 
| | | aeid. 
O42 2131018 Shightly 
alkaline. 
O OOSL LOW 
0. 4360S 325 1.015 Slightly 
| 
0.4789 0.0084 135 1.020 Slightly 
| | | | | alkaline. 
0.0007 137 1.018 
| 0.0046 133 
347 


| 2.0) 


Rabbit D, Werght about 2,700 Gm. 


Remarks 


Adipic ncid  injeeted 
subcutaneously at 
once in the form of its 


sodium salt. 


Same as for June 11. 


Same as for June 11. 


_Adipie acid was dis- 

solved in 20 ce., neu- 
tralized by sodium 
carbonate, divided in- 
to four portions, each 
portion injected si- 
multaneously at in- 

tervals of 3 hrs. 

The urine was collected 
during 36 hrs. after 
the first injection, 
and adipie acid in it 

estimated. 

Adipie acid injected 
subcutaneously at 
once in the form of 
its sodium salt. 
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TABLE V. 


Rabbit BE, Weight about 3,450 Gm. 


Date = es Reaction. Remarks. 
= = | 
gm. gr gre. ee. 
June 0. O40 19S 1.012 Slightly 
alkaline. 

2:8 Adipie scid  injeeted 
subeutaneouslyv at 
once in the form. of 

| its sodium salt. 

| ISOS O.O0144 122 1.028" 

14 0.0047 175, 1.014 * 

lo O 1751 014% 

20 | 0.8 Adipie acid injeeted 
subcutaneously at 
four times as before. 

21 0.51040 0072 247 1.021 ir 

22 0.0053. 180:1.012; 

TABLE VI. 
Rabbit A, Werght about 3,450 Gm, 
gm. gm. Lee. 
Feb. 0 167 1.020 Slightly 
acid. 
2 0. OOSS IS21.016 Neutral. 

13 | 0.8 Adipie acid injected 
subcutaneously at 
once in the form of 

its sodium salt. 
582600056182 1.018 Slightly 
0.0048 190 1.015 Neutral. 


0.0042 1S41.014 Shghtly 
aeid., 
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TABLE VII. 


Rabbit F, Weight about 2,830 Gm. 
= ~ | 
Of. 
Mar. 24 0 0053 IS21 01S Slightly 
| acid, 
subcutaneously at 
once in the form of 
| | its sodium salt. 
0.56240 0064165 1.025 Neutral. 
27 0.0058 1701 018 Slightly 
| acid, 
28 0 00551521. 020 
TABLE VIII. 
Rabbit Weight about 2,740 Gm. 
Date = et oS Reaction. Remarks 
t= = = 
gy. gr. ce 
May 15 0 OO72 2701.013 
alkaline. 
~Adipie acid injected 
subcutaneously at 
onee in the form of 
| its sodium salt. 
17 0.58900 0077 253 1.015 
IS QO W055 255 O14 
sé ae 


19 255 1 O14 


tered acid appeared again in the urine. For the sake of clearness, 
these results are collected in Tables [IX and X. 

Finding that muconic acid administered to a rabbit. was almost 
-completely oxidized in the body so that only 1 per cent of it ap-, 
peared unchanged in the urine, Jaffé assumed that, if benzene is 
injected into a rabbit, 25 to 30 per cent of it may be decomposed 
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over muconic acid. But my results to the contrary make Jaffé’s 
assumption untenable. Weare obliged to assume that the benzene 
is converted to but a slight extent if at all to muconie acid in 
the animal body. 
TABLE IN. 
Muconie Acid. 


Acid 


Date Rabbit. | Acid in urine. Remarks. 
Mar. 10 A 0.8 0.5904 73.08 Injected at one time. 
Apr. 30-May1, B 0.5840 73.00 “ 
May & 10 0.8 0.5928 74.10 four times. 
C OS 0.5716 71.45 
“15-16 72.91) Average. 
0.8 0.3490 43.63 Introduced in stomach. 
TABLE X. 
Adipic Acid, 
Date. Rabbit. Aeid tn urine. Remarks 
gm. gm. per cent 
June 11-12 DD 2.0 1.1085 55.18 Injected at one time. 
“ 2-2 “| 2.0 1.0968) 54.84 
July 6 7 | “ | 0.8 10.4368) 54.60 four times. 
| EB | 2.0 |1.1868| 9.34 
20-21 | 0.8 10.5104! 63.80 four times. 
Feb. 13-14 | | 0.8 0.5826 72.83 * one time. 
Mar. 25-26 | F | 0.8 (0.5624) 70.30, “ oon 
May 16-17 B 0.8 0.5890 73.6: “ 


The physiological relations of muconic acid or any of its deriva- 
tives, especially their relation to aromatic amino-acids might be 
decided through further investigations. In this paper I wish 
only to call attention to the fact that the decomposition of muconic 
acid itself in the animal organism occurs no more readily than that 
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of adipie acid, which so far is not regarded as an intermediary 
product of physiological metabolism. 

The administration of adipic acid is always followed by the in- 
crease of oxahe acid in the urine, whereas this increase is not 
detected in the experiment with muconie acid. 

The investigations concerning the decomposition of adipic acid 
in the surviving liver are not vet completed. The results will be 
published later. 
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EXPERIMENTS ON THE UTILIZATION OF NITROGEN, 
CALCIUM, AND MAGNESIUM IN DIETS CON- 
TAINING CARROTS AND SPINACH * 


By HARRY B. McCLUGAGE ann LAFAYETTE B. MENDEL. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, June 22, L918.) 


Albu and Neuberg remark that, ‘The caleitum from plant foods, in which 
it is more abundant, is less readily absorbed than that from meat nourish- 
ment.’” Such statements have often been based upon the amounts of eal- 
cium excreted by the kidney under different dietary conditions. That this 
is an unsafe criterion for the extent of absorption has been shown by Voit, 
who proved that calcium may be absorbed from the small intestine and then 
secreted into the large intestine. Likewise, Forster showed that as much as 
60 per cent of the ealeium in the food may be absorbed and only a very 
small portion of this amount exereted by the kidneys. WKochmann and his 
pupil Petzsch carried out extensive studies upon the effect of diets of pro- 
tein, fat, and carbohydrate upon the excretion of calcium and magnesium 
in dogs. They concluded that the amount of calcium necessary for main- 
taining a positive caleium balanee depends upon the charaeter of the diet 
and should be specifically determined for different types of food intake. 

Courtney, Fales, and Bartlett cite the facet that the feeding of green 
vegetables to young infants is becoming a common practice; and refer to 
the generally accepted view that the value of such dietary components is 
attributable to the effect on the mineral metabolism. 


Many factors are thus seen to be involved in the problems here 
at issue. The present investigations aim to evaluate somewhat 
more critically the behavior of calcium and magnesium as dictary 
components. To this end the balance of these elements in the 
body has been determined in a series of nutrition experiments on 
animals, 


* The data in this paper are taken from the dissertation presented by 
Harry B. MeClugage for the Degree of Doctor of Philosophy, Yale Uni- 
versity, I91S 
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Methods. 


The general plan consisted of metabolism experiments in which 
the intake and output of nitrogen, calcium, and magnesium were 
ascertained and the corresponding balances caleulated, under 
diverse dietary conditions. 

Previous investigations in this laboratory had shown that owing 
to the small amount of caletum eliminated in dog’s urine, it was 
necessary to use for analysis a larger volume of urine than ealled 
forin the MeCrudden method of determination, This was accom- 
plished by concentrating the acidified urine on the water bath toa 
small volume. The filtered fluid was treated as direeted by 
MeCrudden, allowed) to stand over night, then filtered. The 
precipitate wes washed several times with 0.5 per cent ammonium 
oxalate solution, ignited with the filter paper, dissolved in dilute 
ivdrochtone seid solution, filtered, and reprecipitated according 
to MeCrudden’s method for the estimetion of caletum in human 
urine. The final precipitates were ignited and weighed as eal- 
oxide, 

The combined filtrates were taken for the magnesium estima- 
tion and treated as is ealled for by MeCrudden’s directions to be 
used when iron may be present. The caletum and magnesium in 
the ash of all the foods and the feces were determined by the orig- 
inal MeCrudden technique. Nitrogen) was estimated by a 
Njeldahl method, 

The meat fed was lean beef purehased in large quantities, 
cleaned as free as possible from all fat and connective tissue, 
hashed, put up in weighed amounts in waxed paper, and kept 
frozen ina refrigerator. 

The dried skimmed milk fed was Merrell-Soule Comp:ny’'s 

The vegetables fed were bought in large quantities and the 
thoroughly washed edible portions were dried on steam radiators 
at a temperature of 65 70°C. for several days. This desiccation, 
in the ease of the carrots, was facilitated by cutting them into 
thin slices. After drving until it could be easily powdered, each 
vegetable was ground finely in a mill several times in order to 
obtain well mixed samples. Table IT shows the composition of the 
eomponents of the diets. 


F 
> 
é 
| 
at 
ix? 
<* 


H. B. MeClugage and L. B. Mendel 355 


In the eases when the cooked vegetable was fed, the dry, 
powdered, daily portions were added to boiling water and boiled 
for half an hour, the water used being added to the diet, so as te 
prevent any loss of extracted salts. 

The animals were not eatheterized. Inasmuch as the periods 
were fairly long ones whatever urime was retained in the bladder 
would cause only shght errors in the finel results. The periods 


were marked off in the case of the fecos by mixing approximately 
| i. of carmine with the food, 
TABLE 


(Com position ol the (Components of the Diets 


Car 
\ Fat. bohy- Mi: 

crate 
per cent percent percent percent per cent 
Meat I. 2.6 O O O25 
Craeker meal. 1 6.0 73 O O19 
Dried skimmed milk «Whine. 06.8 ; 1.23 0.282 
Agar 740 O 210 
Dried Spinach 505 O 642 
Carrots to 0 O OF 1 


* Approximately Ld per cent of moist werght. 


— 


ENPERIMENTAL. 


The relative utilization of nitrogen, caletum, and magnesium in 
diets contaming spineseh and carrots was studied in comparison 
with rations of meat plus dried milk and meat plus esleiume: carbo- 
nate. Tables IL and show the composition of the diets. 

Two grown female dogs were used. Dog A weighed 15.6 kilos 
at the beginning of the experiment and 15.0 at the end. Dog B 
at the beginning of the experiment weighed 9.6 kilos and 10.2 at 
the end. The dogs were allowed distilled water freely throughout 
the experiments. Agar-agar was fed in all diets, except during 
the periods when carrots were given, to provide bulk to the feces 
and to insure daily evacuation of the bowels, thus lessening the 
reabsorption. In the ease of the carrots, the addition of agar-agar 
to the diet seemed likely to provide too large a bulk to the food; 
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Meat I..... 
Cracker meal 
Sugar. .... 


Agar... 
CaCO, 


Total. 


Cracker mes] 


La rd 
Sugar 
Agar 


Dried milk. 


— 


Meat [.. 


Lard 


Carrots 1. 


Total 


Meat I[.... 


Cracker meal 


ara... 


Agar. 


Spinach 2. 


Total 


Lard. 
Sugar... . 
Agar... 


‘Total. 


— 


TABLE IL, 


Composition of Daily Diets. Dog A. 


| | | 
| N | Fat. | bohy-} Ca | Mg | 
| | | drate. | | | mate). 
Diet A. 
gm.) gm. gm, | gm. | mg | mg | 
100; 3.36; — | 23 | 108 

100166, 60 730, 27 19 | 390 

30, — | 30.0; — - | — | 279 

10 - 74 21 
0.535! 
5.02 | 38.6 | 93.0| 326! 63 | 857 
Diet As. 

100 3.3600 26 108 

40,066; 2.4; 29.2; 8 156 

40 40 372 

10 

6 1.00 100; 214; 2 | 

5.02 | 45.0! 69.2! 310! 75 823 
Diet A. 

100 3.36) 2.6 ii 108 
372 
82.71 0.95 | 214 58 300 

| 4.31 | 42.6 225! sl | 780 
Diet 

3.36 | 2.6 10S 

0.33 | 14.6 5 4 7S 

30 50.0 465 

40 40.0 160 

10 74 | 21 
21.5} 1.10 | 214 183 
479 | 53.8 | 304/| 221 839 

Diet As. 

4.70 | 3.7 151 

50 465 

60 60.0 240 

10 

4.70 53.7 600! 89 52 | S56 


dvb 
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TABLE Hil 


Fat. 


Composition of Daily Diets. Dog B. 


Car- 


bohy- 
 drate. 


gm. gm. 


Meat | | 
| 30 


| 30.0) 
Dried milk 17 6 1 00 Bie 


gm. 


100 3.36 2.6. 


Total. 32.6 
Diet 
Meat I... 100 3.360 2 
Lard.... 30 30 
Sugar..... 350 
10 


Spinach 0 1 53 


Total. 


Meat I.... 100 


36 
(Cracker meal. HO 1 007 
Lard.... 20 
Sugar. . 20. 
Amar... .. 10. 
CaCO... 0.535 
Total .. 


Diet 


Meat L.. 100 


36 
$ 31 


Total... 


4.89 3: 


Diet By 


20 


BO 265) 


100 3 36 26 
20) | 200; — 
307 


| 
2 
mute). 
Diet B,. 
gym mg. mg 
ll; 2 108 
279 
"25 0 100) 
+ 
74 | 21 
35 0 th, | 
aa LOS 
120 q 
a4 
214 231 265 
533 
2 6 1] LOS 
36 44.0 1? 34 
() 
20.0 SY) 
a4 
214 
m2 315 GOS £ 
20-0 
214 Os 
22 6 225 504 
2 10s 
. ISH 
214 


308 N, Ca, and Me Utilization in Foods 


TABLE Tt—Coneluded. 


N Fat. Me proxi- 
mute 
Diet Be. 
aan gen. grr pve mid. 
Meat I, 100 3. 36 6 LOS 
Lara... 30 3000 
Sugar. 30) 3000 120) 
10) 
Spinach 2 1.10 214 ISS 
Total | 46 1226 2006 IG | 297 535 
Diet B-. 
Meat I. 130: 4 37 3.4 14 30) 140) 
Lard. 30) 3000 279 
“ugar... jo 0 140 


| 33.4 | 35.0 SS | 51 | 


nenee it Was omitted during these pertods. In no case were there 
intestinal disturbances of any sort. Throughout the experiments 
the urmes showed an acid reaetion to litmus. The length of all 
the expermental periods was 7 days. The average daily balances 
are shown in Tables and VI: the percentage utilizations, in 


Tables Viand VIL. 
tilization of Nitroge 


In {he case of Dog A there was a negative nitrogen balance 
throughout the latter half of the experiment, Periods 6 to 10, 
probably due, in major part, to the poor utilization of the nitrogen 
of the vegetable portion of the diets. A study of the percentage 
utilization of nitrogen, Table V, shows plainly that in the case of 
the vegetables it was not so favorable. The average utilization 
upon meat plus cracker meal and meat plus milk was 89 per cent 
While the average with diets of meat plus vegetables was 78 per 
eent. This difference in utilization is the more striking when it Is 
noted that only about one-fourth of the nitrogen came from the 
vegetable, the remaining three-fourths from the well utilized meat. 
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TABLE V. 


Nitrogen, Calcium, and Magnesium Metabolism. Percentage Utilization. 
Dog A (? Day Period). 


Nitrogen. Calcium. | Magnesium. 

Period. Diet. ts | Gain (+) or Cain (+) or 

a of total intake. of total intake 
As milk........ 35.13.76, 89 | 2.170 —0 0 525'+0.012,4+ 2 
A; CaCO ;..... 35.14.40; 87 | 2.282 —0.805!—35) 0.441;-0.184,—42 
Ay milk. 35.13.69 90 2.170 S11 —37 0 525 —0 066 —12 
5 As “ .......35.113.54] 90 | 0.525|—0.082) — 16 
1 <A, CaCOs. ....35.1/3.88) 89 | 0.441/—0. 156/—35 
SA; spinach..... 33.56.98 79 2 128 —1 S80 1.617 +0 0614+ 4 
9 <A, “ ....33.5/5.52) 84 | 2.128!—1.903|—89! 5 
earrots 30.27.53 75) 1.575 —1.472,—94 0.567 376 — 66 
As 74 | 0.567 —0.426 —75 
10 As meat... 32.93 38 90 0.623 —1.315 — | 0.364 —0 139 —38 


Similar results were obtained with Dog B. The animal was in 
positive nitrogen balance throughout the experiment, because the 
proportion of nitrogen to body weight was larger in this case. 
But here, likewise, there was poor utilization of the nitrogen com- 
ponents of the vegetables. The average utilization for meat plus 
cracker meal and meat plus milk was 94 per cent, while the aver- 
age for meat plus vegetables was S85 per cent (Table VID). 

That the utilization of nitrogen was not bettered by the cooking 
of the vegetables is shown by a comparison of Period 6 with Period 
7 (Table V) and Period 4 with Period 9 (Table VIT). 

These facts are concordant with the current knowledge con- 
cerning the utilization of proteins from certain vegetable sources. 
Mendel and Fine, who have given a résumé of the literature, found 
that the proteins of legumes are relatively poorly utilized. 

The caleulations have been based upon the relation of feeal 
nitrogen to ingested nitrogen. While this relation is not) an 
absolutely safe eriterion of utilization, nevertheless, it may suffice 
for the approximate comparison here desired. 


rig 
a 
; 
4 
4 
>? 7 . 
‘ 


361 


H. B. MeClugage and L. B. Mendel 


‘youurds 


‘woul 


KOOP) 


J MEL 


‘youurds MUI 


*¢] 
“¢] 


+ 
8 - 
is 


> 
~ 
~ 
~ 


12 | Sb | 
L6G | CSI | SET | 
> | 
til oll GS 
IS 
|W 
Qe 9 | tr | 
j } 
L8G GIG 
| 98S | 
49 | | 
49 | 08 | 0S | 
| ‘Pua | 
| 
| 


G | 09 | If 


i 


61 ZOI— 
9% 62 — 662 
HOG 
9% | 
| 


LG 
Of 


Cle 


69 Ste | 
660. | 
666 
‘Bu | 
=~ 
| & | && 


OOt EST 
| 
CRE CLE 
OLE 


Ice | LES 
gle OLE 
Olb OOF” 
hua 


£ 69 
’ 


O+ LE 
O+ OF 
O+ 89° 
‘O+ 
O+ 


9 (62°07 
Ol Sl 0+ 98°F 
“mb 
} = 18901 
° 


— 


pup syndjng fipwog sbvoay 


TA 


020 SFE 
ch 0 


4 
SC 


0 
0 

0) 


0 


LG 


qndyng 


. 


| 


| 
| 
| 
| 
i 
i 
i ON ON GN 
| | 
“24 
| — 
— NK tom 
~< 
7 


362 N, Ca, and Me Utilization in Foods 


TABLE VIL. 


Nitrogen, Calerum, and Magnesium Metabolism. Percentage Utilization 
Dog BF Day Period). 


Nitrogen Caleium Magnesium. 


‘ 
Period Diet. (jain (+) or 


of totul intake .of total intake. 
gm. gm grt. gm gin. gm. 
10) 99 2. 093 —0 205:—10 0.469 026 — 6 
Bs CaCQOs. 30.31.86, 94 2.205 —0 4AS3 — 22 0.392 —0 059 —15 
2 B, milk........30.5 1.77 94 2.003 —0 542-26 0 469 —0O 030 — 6 
B, ........30.5)1.88) 94 2.093; —0.777 0.469'—0 O88; —19 
6 Bs CaCO s......30.51 98 93 2 205 —0 813 —37 0 392,—0 061) —16 
By spinach... 34.24.86 86 2 093, —0 971 —46 1 925 +0 259 +413 
earrots......32 85.17 83 1.575 —0.963 —61 O 798 +0 016+ 2 
7 B, 87 1 575. —1.115,—73: 0.567 —0 339) —60 
4 Bs spinach.....31 24 32 S87 2.093 —1.753'—S4. 1.589'+-0. 318 +20 
3 13. 84) 2.093 —1.766|—85 1.925/+-0.132'4+ 7 
1] B;>meat.......30.61 75 95 | 0.616 —-0.713 — 0.357 —-0 O61 —17 


(tilazation of Calerum. 


Both Dog A and Dog B were in negative caleium balance 
throughout the experiments. Little that is definite can be s:ud 
in regard to the caleium exereted by the kidneys. While a study 
of Tables IV and VI shows a lowered excretion of calcium in the 
urine during those periods when spinach and carrots furnished the 
greater portion of the ingested calcium, this deerease is very in- 
significant in relation to the total calcium exereted. 

The balance of caletum reveals more interesting facts. In the 
easeof Dog A, the average percentage loss of the intake shows the 
following results: with mulk in the diet, 34 per cent; with caleium 
carbonate, 41 per cent; with spinaeh, SS per cent; with carrots, 
96 percent. With Dog B the percentage losses of the intake were 
smaller throughout; but here again there were large differences in 
the utilization of the calcium on the various diets. The average 
percentage of the calcium intake lost was: for milk, 18 per cent: 
calerum carbonate, 29 per cent; carrots, 67 per cent; spmach, 72 
pereent. These results show plainly the difference in the degree of 
utilization of the ealerum of the diets. The ealetum in ecaletum 
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carbonate and in milk was assimilated to about the same degree 
though somewhat better in the latter case. This is in accordance 
with previous investigations; for instance, Givens and Mendel 
found that milk is more effective for calcium retention than is 
calcium lactate. In regard to the ealeium from the vegetable 
sources evidently the utilization was very poor. This low assimi- 
lntion of caletum ran parallel with the poor utilization of nitrogen. 
Here again the cooking of the vegetables showed no beneficial 
effect. 

There are several factors involved in the poor utilization of 
ealclum. In the first place, there is the question of deficient 
absorption from the intestine. Bertram states that the absorption 
of calcium in the case of vegetable foods is poorer than in the case 
of ammal foods. The low caleium retention is, however, not 
necessarily an outcome of poor absorption, for the possibility of 
secretion into the large intestine after absorption must be taken 
into consideration. The bulk of indigestible residue in the diet, 
eausing a fairly rapid evacuation of the bowel, may tend to de- 
crease the amount of reabsorption. It is to be noted that during 
the periods when the vegetables were fed, the mass of the feces was 
greatly increased—to the extent of 90 to 100 per cent, on an aver- 
age. The inereased calcium loss was not proportionately larg: 
but was greater during these periods of maximal fecal output. 


Utilization of Magnesium, 


The magnesium balance of Dog A was negative except for a small 
positive balance in Periods 4, 8, and 9 (Table IV). However, 
during Periods 8 and 9, when spinach was fed there was a much 
larger intake of magnesium, which probably accounts for this 
small positive balance. In the case of Dog B there was a positive 
magnesium balance during Periods 3, 4, 8, and 9 (Table VI) 
during which the intakes of magnesium were relatively large. 
However, by a comparison of the relative percentage losses of the 
intakes (Table V, Periods 3 and 5 with Periods 6 and 7; Table 
VII, Periods 1 and 2 with Period 7) it can be noticed that when 
the intake is of the same order of magnitude, the magnesiim from 
the vegetable diets is comparatively poorly utilized. 
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Interrelation of Calecum and Magnesium. 


The relation of calcium to magnesium in the urine of Dog A 
raried throughout, ranging from 1:1.5 to 1:7. This change 

in the ratio is due to the variation in the urinary ecaleium since 
the amount of magnesium excreted by the kidneys remained 
fairly constant throughout. This was likewise true in the urine 
of Dog B where the ratio ranged from 1:2 to 1:5, the magnesium 
remaining constant, with varving amounts of calcium. 

In regard to the feces, it appears that a large excretion of eal- 
cium is accompanied by a large output of magnesium, and con- 
trariwise. But the varving magnitudes of the ingested magne- 
sium do not permit definite conclusions. 


DISCUSSION, 


Constant body weight, the nitrogen balanee, general appear- 
ance, and activity are not in themselves an index of true nutritive 
condition. Thus, it is recognized that apparently an animal may 
be in good bodily state while there is, nevertheless, a steady loss 
of some essential substance necessary for the prolonged mainte- 
nance of health. This faet is illustrated by the present experi- 
ments in Which the animals showed only slight changes in the body 
weight, were in positive nitrogen balance, apparently ina state of 
well-being, while there was a continual loss of caleitum from the 
body, as shown by the balance of intake and output. 

The special need for ealetum and possibly other inorganie 
salts is at length beginning to be recognized and taken into ae- 
count in dietary plans. This necessity is an especially weighty 
factor to be considered during the period of growth. The impor- 
tance of calcium as a structural element for the growing bones and 
teeth is one to be emphasized. Calcium has been supplied by the 
use of milk in the diet. Certain present day factors, for example 
the possible shortage in the milk supply and the problem of ex- 
pense, raise the question as to other physiologically available 
sources of calcium. 

Analyses have shown that green vegetables are comparatively 
rich in this element and, accordingly, additions of these sub- 
stances to the diet have been proposed. Thus, Courtney, Fales, 
and Bartlett state: ‘The addition of green vegetables to the 
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dietary of young infants is becoming a common practice. It is 
generally believed that the value of this is due to the effect on the 
mineral metabolism.’ They report that in children showing a de- 
laved development improvement has been brought about by such 
additions, and they conclude, on the basis of the mineral content 
of anumber of vegetables, that spinach is the best one to provide a 
salt addition. 

These authors recognize the facet that balance experiments are 
necessary in order to study this problem. They have been under- 
taken in the present studies. The results obtaimed tend to show 
that the ealeium of the vegetables, spinach and carrots, is not so 
well utilized as is the ealetum in milk or in caleium carbonate. 
Therefore, it would seem in so far as the calecum is concerned that, 
if milk were not aviulable, the addition of a suitable calcium: salt 
would be quite as rational a procedure as a vegetable addition. 
Furthermore, in order to add to the diet an appreciable amount 
of calcium from a vegetable source it would be necessary to feed 
large quantities of the vegetables, which in itself is a rather 
difficult procedure in the case of infants. This naturally does not 


speak against the vegetables as sources of vitamines, iron, or 


other desired dietary factors. 

It appears in the light of the present experiments that the 
addition of such vegetables as were tested, to the diet, does not 
always vield a pronounced advantage to the ealcium metabolism, 
It would, therefore, presumably be an unsafe procedure to use 
vegetables extensively as a dietary substitute for milk in the 
nutrition of children. 


SUMMARY. 


The ealetum supply of the organism is normally derived from 
milk in greater abundance than from any other dietary sources, 
The comparative richness of green vegetables in calcium: raises 
the question as to its availability for nutritive purposes. This 
problem cannot be solved by analyses of foods alone. Metabolism 
experiments involving the balance of intake and output are 
necessary. Such procedure has been followed in these studies. 
They show that when carrots and spinach were added to the diets 
of dogs the nitrogen was not well utilized; the ealetum in milk 
was better utilized than that in ealetum carbonate; the calerum 
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in spinach and carrots was poorly assimilated as compared with 
the calerum in milk. The conclusion seems justified that green 
vegetables should not be used extensively as a substitute for milk 
as the dietary source of calcium. 
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THE RELATION OF THE QUALITY OF PROTEINS TO 
MILK PRODUCTION. IV.* 


By EF. B. HART ann G. C. HUMPHREY. 
tHe Cooperation or D. W. 


Brom the Departments of Agricuitural Chemistry and Animal Hushandry 
of the University of Wisconsin, Madison. ) 


(Reeeived for publieation, June 28, LOIS. ) 


fn earher publications! we have shown that there is an marked 
incqualitv in the efficiency of protein mixtures for mulk  pro- 
duction, making mammary secretion in this special sense com- 
parable with growth. The growth of an animal as mensured 
by live weight increments may be direetly controlled by the 
quality of the proteins furnished, suspending, retarding, or ac- 
eelerating cell expansion as the nature of the proteins ingested 
is altered. This condition can, of course, be secured only when 
all the other factors for adequate nutrition are provided. — In 
miaummary secretion this effect of a change in the quality of the 
proteims ingested is obscured, at least in studies of short duration. 
by the contributing factor of increased tissue catabolism, through 
Which normal blood composition in respect to its nitrogen content 
can be maintained for considerable periods of time. It is this 
very fact, namely that there is an increased tissue Catabolism in a 
milking animal during periods of inadequate protein ingestion 
Inadequate as to quality as well as to quantity that makes it 
possible to measure the inequality of proteins for milk production. 

While our work has been confined to dairy cows the recently 
reported work of Hoobler? on nursing mothers is in) agreement 
with the results we have secured. 


*Published with the permission of the Director of the Wiseonsin Agri- 
cultural Experiment Station. 

BE. and Humphrey, G. C., J. Biol. Chem 1915) xxi, 289; 
457; xxxa, 445. 
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Up to the present we have confined our attention to studies 
planned to determine first, whether there was marked inefficiency 
for milk production in protein mixtures known to be inefficient 
for growth, and second, a study of some practical protein mixtures 
for milk production. The fact was established that the proteins 
of cereal grains, as maize and wheat, when supplemented with a 
roughage like corn stover, were strikingly less efficient for main- 
taining the nitrogen equilibrium of a milking animal than was a 
ration composed of milk proteins and corn stover. With the 
above rations fed on the same plane of protein intake it was fur- 
ther established that during short periods (4 weeks) of observation 
with dairy cows a negative nitrogen balance may prevail without 
reducing milk secretion appreciably. These are the fundamental 
facts relating to protein metabolism and milk secretion thus far 
established. 

In addition to these fundamental facts, studies were made on 
the protein efficieney of certain common protein concentrates used 
to supplement a definite basal ration, but a changing roughage. 
With corn stover and corn-meal as a basal ration, gluten feed, the 
high protein concentrate from eorn-meal, was measurably inferior 
as a protein supplement to either oil meal or distillers’ grains. 
The two latter were practically equally efficient. With clover 
hay (medium red, Trifolium pratense) and corn-meal as the basal 
ration the inequality among these vegetable concentrates dis- 
appeared and gluten feed proteins were practically equal in 
supplementing power to those of oil meal, distillers’ grains, or 
eottonseed meal. 

This is a striking illustration of the fallacy of condemning a 
material because when used alone or in certain mixtures its pro- 
teins display a poor quality. This may not be true for other 
mirtures. The tremendous increase in the efficiency of the cereal 
proteins by supplementing them with either skimmed milk or 
whey is a striking example of this fact... In these growth experi- 
ments with swine the efficiency of the cereal proteins has been 
ruised from 25 to 65 per cent by the use of skimmed milk 
proteins and from 25 to 47 per cent by the use of whey  pro- 
teins, which contributed but 15 per cent of the total nitrogen 


$ McCollum, E. V., J. Biol. Chem., 1914, xix, 323. Hart, E. B., and 
Steenbock, H., Wisconsin Exp. Station Bull. 291, VIS. 
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intake. Although the nitrogen contributed by the whey was 


extremely small in amount, yet its positive supplementing effect 
on the cereal grain proteins was most marked. Osborne and 
Mendel‘ in their use of protein-free milk as a supplement to milk 


albumin rated the latter as a protein of very high efficiency, but 


this efficiency entirely disappeared when milk albumin was the 
sole source of nitrogen in the ration. This observation demon- 
strated the very effective supplementary capacity of the small 
amount of nitrogen contained in natural protein-free milk for 
such a protein as milk albumin. 

During the past vear we have continued the milk secretion 
studies, following the same plan as used heretofore, but this time 
using alfalfa (Medicago sativa) as the basal roughage, with corn- 
meal as the grain and the vegetable protein concentrates gluten 
feed, oil meal, distillers’ grains (Ajax), and cottonseed meal. 
In these studies cottonseed meal was the least eficient, gluten 
feed and oil meal were of greater efficiency than cottonseed meal 
and of approximately equal effeet, while distillers’ grains were the 
most effective of these four protein concentrates. Here is another 
illustration of differences in the nitrogen efficiency of new com- 
binations and how the nitrogen of alfalfa has influenced the 
utilization of these protein combinations. 


EXPERIMENTAL. 


The plan was to use a basal ration of alfalfa hay, corn silage, 
ecorn-meal, and starch to which would be added the protein con- 
centrate. The basal ration was maintained constant in relation 
to its source and proportion of nutrients for any individual animal 
in the different periods, the only variables in succeeding periods 
being the concentrate and the amount of starch. Because of the 
abundance and constancy of energy, mineral materials, and vit- 
amines in these rations we can with justice attribute the different 
effects observed to the proteins of the concentrate added. The 
concentrates and starch were supplied in such quantities as to 
make the plane of protein intake and net available energy uniform 


in the several periods. 


*Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 1915, xx, 351: 1916, 
xxvl, 1: 1917. xxxi, 149. 
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The various rations were fed at a nutritive plane of approxt- 
mately T:S.4, or with a total protein intake of 10 per cent of the 
drv matterof the ration. “Pable [illustrates the proportion of the 
various feeds in the ration where an animal was receiving daily 
approximately 50 pounds of material, which contamed 20.5 pro- 
duction therms and 2.32 pounds of digestible protein. 

Two grade Guernsey cows and one pure bred Jersey were used 
torthe work. They were not withealf. The aninals were milked 
twice daily and exercised two or three times per week. Weights 
of the animals were taken weekly. The plan was to place each 
individual on any one of the rations for a pertod ot 4 weeks with 
an imimecdiate change to one of the other rations, thus involving 
each animal in Oo weeks of observation. A feeding period of | 
week preceded the quantitative collection of feces and urine, 

CABLE 
Source and Proportion of Nutrients Used. 


Dostillers’ Cottonseed 


Period (sluten fee Onl meal 

vrain-. meal 

{hs Ihs 

Alfalfa hay 7.00 7 00 7.00 7.00 
(‘orn silage 2S 00 US O00 2800 
Corn-menl OO) 00 OO 00 
Concentrate 3 86 3.10 2 a9 
Stareh | 500 5.44 540 OF 


The urine and feces were analyzed daily for nitrogen, while a 
weekly analysis was made of a 7 day composite sample of milk. 

Our earher observations had shown that when a nutritive ratio 
of 1: S was used, equivalent to a plane of total protein intake of 
approximately 9 to LO per cent and the nutrients drawn from corn 
stover, corn-meal, and certain vegetable protein concentrates, a 
positive nitrogen balance could not be maintained. But with the 
roughage changed from corn stover to clover hay a positive nitro- 
gen balance was maintained most of the time with practically 
the same nutritive ratio. Because of these facts it was planned 
to use a ration with a nutritive ratio of approximately 1:8.5 
as it was essential for the animals to be in a negative nitrogen 
balance or just in nitrogen equilibrium in studies of this char- 
actor. In the final adjustment of our ration the nutritive ratio 
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became fixed at 1:84. In this ration, this ratio (dry matter ? 
basis) was equivalent to approximately 8.6 per cent of digestible 
protein and 10 per cent of total protein. The composition of the 
rations used is shown in Table II. 


TABLE I. 
Composition of Ration. } 
Weight. | Nitrogen. | Total N. | tion. | nutritive ratio. 
Gluten feed ration. 
lhs. percent gm.  therms 
| 0.28 | 35.39; 4.64 | 
1.44 | 39.22; 5.38; 2.32 lbs. di- 


| 4.74 | 86.07 | 3.17 gestible pro- 
Staren.....:. | 0.03 | 0.68; 5.00) tein. 


235.40 | 20.59 1:8.4 


Oi] meal ration. 


| 2.33 | 74.04 | 
Core 0.28 | 35.39 | 
Corn-meal....... | 1.44 39.22 | 
..| 3.10} 6.00 | 85.71 | 
BA 


St to St te 


Distillers’ grains (Ajax) ration. 

| 7 .| 2.33 | 4.04; 2.40 

Corn 0.28 35.39 4.64, 

1.44 | 39.22; 5.38 4 

Distillers’ grains.......; 3.86 4.84 | S4.82) 3.05) 
5.14} 0.038 | 0.70!) 5.14} 


Alfalfa hay... 2.33 | 74.04 | 
Cove ().28 35.30) 


Ay 


| 


tS Ge de 


| 1.44 39.22 | 3S 
Cottonseed meal... | 2.99 | 6.26 | 85.13 | 25 | 


| 6.01 | 0.03 | 0.90] 6.01) 
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234.17 20.61 1-8 4 

Cottonseed meal ration. 
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The four rations were much alike in content of production 
therms and total protein. Table II gives the composition of 50 
pounds of the mixed ration. The animals were not fed 50 pounds 
of the ration daily, but that proportion whieh would meet the 
maintenance and energy requirements for their specific milk pro- 


TABLE IIL. 


Record of Nitrogen Balance, Milk Nitrogen, Ete. 
Animal 1. Grade Guernsey. 


Nitrogen 


| Intake. | Feces. Absorbed Urine. | Milk Balance 

Gluten feed period, 
gm. gn, grr gir 

4S3 61S 407 436) — 225 
429 O72 405 AOD — 224 
46] O42 120) — 122 

1.101 452 O49 307 307 — 

Oil meal period. 
gan. AST Wo 400) —142 
700) 414 oie — SH 
29-Feb. 4....... 1,10] OSH — 
Distillers’ grains (Ajax?) period. 
4.......1 4,70] 55S 553 205 — 156 
Cottonseed meal period, 

— 188 


duction. The production energy of the ration fed conformed 
closely to Armsby’s standard of 7 therms daily for mafntenance 
and 0.3 therm for each pound of 8 per cent milk produced by a 
1,000 pound cow. For example, Antmal 8 weighed 1,000 pounds 
and produced daily 20 to 24 pounds of milk containing 4.5 to 5 per 
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eent of fat. It consumed 38 pounds of the ration, equivalent to 
15.5 production therms. In 50 pounds of any of these rations 
there were approximately 2.32 pounds of digestible protein, 37 
per cent of which came from the particular concentrate tnder 
investigation, 
TABLE IV. 
Record of Nitroge Balance, Milk Nitroge n, Ete 
Animal 2. Pure Bred Jersey. 
Nitrogen. 
Date. 
Intake Feces. | Absorbed Urine. Milk Balanec 
Ciluten feed period. 
gm. gm. grr. gr. gr 
1.206 Hob HOO 383 — 201 
Oil meal period. 
jon. 569 | 727 30] 480 — 144 
| 739 403 4169 ~ 133 
Distillers’ grains (Ajax) period. 
Jan. 20-Feb. 4... 1 ost 412 
1.206 H27 669 327 423 — 
1.206 624 | 672 S10 427 - 65 
1.206 661 | 635 324) 13S —129 
(Cottonseed meal period, 
Feb. 26-Mar. 4.......| 1,206 HOw) HOG ISD 23:5 
i Mar. <. 1.206 O45 355 —171 
+ Be... B60 627 358 438 —169 
1.206 692 604 339 —177 
5 In Tables TIT, IV, and V are recorded by weekly periods the 4 
| nitrogen balances and the nitrogen seereted in the milk. The ; 
figures represent the intake and outgo for the total 7 daws. Charts i 
: are also added showing the positive or negative nitrogen balances i 
and the gm. of nitrogen secreted in the milk. , 
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A survey of the data shows that there was considerable varia- 
tion in nitrogen metabolism with the different protein mixtures. 
The gluten feed, oil meal, and cottonseed meal rations were some- 
what similar in respect to the way their nitrogen was being used, 


TABLE V. 


Record of Nitrogen Balance, Milk Nitrogen, Ete. 
Animal 8. Grade Guernsey. 


Nitrogen. 
Intake. | Feces. Absorbed. Urine. | Milk. | Balance. 
Oil meal period. 

Dee, 442 461 | —234 

Gluten feed period. 

eer. eee 1231 | 493 |; 738 | 431 | 407 | —100 
729 | #429 | #381 | — 81 
782 | 450 | 366 | — 34 

Distillers’ grains period. 
Jan. 29-Feb. 4.......; 1,231 | 503 | 638 | 370 363 | — 95 
Fob: 303 36S — 35 
637 | 326 363 — §2 
655 287 373 — § 
Cottonseed meal period. 
Feb. 26-Mar. 4.......;| 1,231 | 675 | 366 | | 287 — 239 
624 | 412 | 368 — 156 
MM 1,231 | 688 543 429 | 365 | —251 


although with all the animals and especially No. 3, there was a 
lower efficiency of protein utilization in the cottonseed meal period. 
All animals showed the greatest efficiency in protein utilization 
in the distillers’ grains period, amounting by our method of cal- 
culation to 10 to 12 per cent above the other mixtures. 
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Animal 1. 


Showing the nitrogen balances 


sources of protein and the milk nitrogen produced. 


with the different 
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al 2. 


Showing the nitrogen balances with the different 
sources of protein and the milk nitrogen produced. 
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In our experiments with clover hay, reported in 1917, there was 
a tendency toward a more effective supplementary relation be- 
tween clover hay and distillers’ grains, but in these experiments 
with alfalfa hay the effeet was more marked and unmistakable. 
The distillers’ grains were the same as those used in our work 
in LOL7 and were mainly derived from the corn grain. They 
would differ from gluten feed mainly in their content of the corn 
germ, to the proteins of which we attribute this superior supple- 
menting effect. 


f | | | OISTILLERS” r BALANCE 


| 


| 


— 


3. Animal 3. Showing the nitrogen balances with the different 
sources of protein and the milk nitrogen produced. 


As distillers’ grains are now off the market it would seem possible 
to provide dairvinen with a protein concentrate of very high chemi- 
cal efficiency, so far as its protein is concerned and where alfalfa 
or clover is the main roughage used, by combining gluten feed 
and corn germ meal. Since the germ constitutes about 10) per 
cent of the weight of the maize kernel, a mixture with that pro- 
portion, or possibly 15 per cent as germ oil meal, should be effective. 

Accompanying an approach to nitrogen equilibrium when fed 
the distillers’ grains ration there was also a marked decrease in 


% 
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urinary nitrogen output during this period. This was shown by 
all animals as they pass from either the oil meal or gluten feed 
ration to the distillers’ grain ration. When changed from the 
latter to the cottonseed meal ration there were marked increases 
in urinary nitrogen output, although the animals were maintained 
on the same nitrogen intake. These faets are further evidence of 
a more effective supplementing between the nitrogen of the dis- 
tillers’ grains and the nitrogen of the rest of the ration than in 
the case of any of the other concentrates. 

These studies again confirm what we have already stated: 
namely, that there is a limitation to any classification of natural 
feeds or toods in respect to the efficiency of their proteins, based 
on the determination of such nutritive worth in a single food 
material or mixture. Gluten feed is less efficient as a source of 
protein When the roughage is corn stover than when it is clover 
or alfalfa hay. Maize meal proteins show poor quality for growth 
when used with gluten feed, a greater efficieney when mixed with 
oil meal, and a still greater efficieney when mixed with milk 
proteins, 

These animals were in negative nitrogen balance during the 
entire 16 weeks, but approached nitrogen equilibrium during the 
distillers’ grain ration period. But even with a continuous nega- 
tive nitrogen balance their live weight was maintained. Their 
initial weights were 830, SOO, and 968 pounds respectively. At the 
termination of the experiment they weighed S831, 830, and 1.025 
pounds respectively. In spite of this apparent gain in weight 
the animals were plainly becoming more and more emactited, 
This condition was especially noticeable in the region of the 
femoral muscles where a marked wasting was evident. The 
gains in weights may have been due to water replacement or tat, 
as ample therms were provided. In spite of a continued negative 
nitrogen balance the flow of milk was remarkably sustained. 
There was a slow and gradual shrinkage in volume, more with 
some individuals than with others. Animal 1 was producing 
23.2 pounds of milk at the beginning of the experiment and 18.5 
at the termination; No. 2, 28.3 pounds at the beginning and 25.1 
at the end; No. 3, 24.9 at the beginning and 17.8 at the end. 

Through a continued negative nitrogen balance of 16 weeks 
Animal 2 lost 29.4 pounds of protein. If we accept Ib as 
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approximately the per cent of protein in this animal, as found for 
a half-fat ox at the Rothamsted Station, this cow, weighing 800 
pounds, would have contained 128 pounds of protein; she lost 
during these 16 weeks of observation 23 per cent of her protein 
content and yet maintained a remarkable milk flow. 

Those who have studied the salmon in its migration without 
food in fresh water have been inclined to believe that this fish 
starts the journey with a superload of protein in the muscle cells. 
Greene’ records the fact that the muscle proteins of this fish are 
diminished by 30 per cent during the migration without affecting 

TABLE VI. 


Decrease in Milk Volume, but Maintenance of Percentage Composition of 
Milk with Cows in Negative Nitrogen Balance. 


Animal. Dee. 17) Jan. 14) Feb. 11) Mar. 18 


Total sous, per 13.07 | 14.20. 14.20) 15.30 
Fat, por ecent.......... | 45 | 5.25| 5.10} 5.30 
Nitrogen, per 0.61 0.60 0.61 0.68 
22.00 20.70 19.80 16.70 

2 | Total solids, per cent.....>........ | 12.12 | 12.42 | 12.80 | 13.52 
4.15 4.10) 4.15 4.40 
| Nitrogen, per cent.................| 0.50 | 0.57 | 0.53 | 0.60 

28.00 | 26.40 25.10 21.40 

3 | mer ceal...... | 12.77) 13.30 13.65 14.31 
| Nitrogen, per cent................. 0.60) 0.59 0.63 


the physiological or histological characteristics of the tissue. In 
the case of this fish, under the stimulus of reproduction, the mus- 
cles supply the material for ovary building. Under the stimulus 
of milk production and with a deficient protein supply, protein 
losses to the same degree may take place without exhausting the 
animal; but there was probably in this case no superload of pro- 
teins in the muscle cells as a necessary condition for sustained 
milk production. These animals were all in only ordinary flesh 
when the experiment was begun. 


®> Greene, C. W., J. Biol. Chem., 1918, xxxiii, p. xiii. 
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While there was a shrinkage in the volume of milk produced and 
consequently a decrease in the absolute quantity of solids elabor- 
ated by these animals, there was no decrease in the percentage 
composition of the milk. Confirmation of this statement will 
be found in Table VI. With certain individuals under prolonged 
negative nitrogen balance there will be a gradual decrease in the 
percentage composition of the milk,’ but there was no evidence of 
such a condition with any of these individuals. We would, there- 
fore, be in error if we should attempt to postulate as a rule that 
all milking animals under negative nitrogen balance would show 
2 decrease in the percentage composition of their milk. 


Efficiency of Protein Mixtures Compared. 


Individual variation, due to temperament, status of nutrition, 
ete., is such an important factor in the milking capacity of animals 
and their use of feed that we should avoid attaching absolute 
rigidity to the values of the efficiency of protein mixtures which 
we have previously submitted and will submit in this paper. 
There is a degree of difference in this efficiency which can with 
safetv be recognized for different protein mixtures used on the 
same animal, but these same mixtures may not give exactly the 
same value with another individual, although the second individual 
should, of course, show approximately the same kind of response. 
We would consider a corn stover-corn grain-gluten feed protein 
mixture always inferior to a clover hay-corn grain-gluten feed 
mixture for milk production, but two animals may differ materi- 
ally in the numerical expression of this efficiency. 

The basis for the comparison of these protein mixtures involves 
not only the milk proteins elaborated, but in addition the protein 
eatabolized or stored during the periods of observation. Jt 7s an 
expression of the value of the proteins of the mixture for maintenance, 
growth, and milk production. It could hardly be considered an 
expression for maintenance and milk production alone because 
of the fact that these animals, while maintaining their live weight, 
were in negative nitrogen balance and not completely maintaining 
their tissue nitrogen. What restoration of protein tissue was 
made could probably, with justification, be considered as growth. 


6 Hart and Humphrey, J. Biol. Chem., 1916, xxvi, 457. 
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lor purposes of making comparisons we have calculated the 
per cent of efficiency for the various mixtures on the basis of ab- 
sorbed nitrogen rather than on the total nitrogeningested. It 
is true that in our growth experiments with swine,’ comparisons 
of protein efficiency have been made on the basis of absorbed as 
well as total ingested nitrogen and such experiments have shown 
an efhicieney based on the total ingested nitrogen of from approxi- 
mately 25 per cent for the cereal grain proteins to 65 per cent for 
milk proteins. On the basis of absorbed nitrogen, using swine and 
concentrated materials, the figures differ but little from those 
secured by a ealeulation based on the total nitrogen ingested. 
sy the same method of calculation, that is by the use of the 
foftal ingested nitrogen rather than the absorbed nitrogen, the 
efliaency of the corn stover-grain protein mixture used in 1916 was 
as low as 22 per cent for the corn stover-gluten feed muxture and 
as high as 40 per cent for a corn stover-oil meal ration. The clover 
hav-grain protein mixture used in 1917 showed variations in effi- 
cieney, dependent upon individuals and mixture, of from 25 to 35 
per cent when based on the fofa/ nitrogen ingested and from 50 to 
vo per cent when based on the total absorbed nitrogen. In any 
ease there is no general approach in the efficiency of these muix- 
tures to those of muilk proteins used alone with swine. I-ven in 
the case where we used milk powder and corn stover as one of the 
mixtures for comparative studies on nulk production, the efficiency 
was but 34 per cent based on the total ingested nitrogen and 60 
per cent on the basis of the absorbed mitrogen. The latter figure 
compares well with results secured with swine by the same method 
of calculation. In work with herbivora, requiring a roughage 
of great bulk, the fecal nitrogen as an excretory factor is so large 
that the balance left for the productive processes is greatly re- 
duced as compared with experiments on omnivora receiving con- 
centrates only, where the fecal nitrogen output is relatively small. 
For these reasons it would appear more correct to base the cal- 
eulation of the efficiency of protein mixtures for all classes of 
animals on the absorbed nitrogen rather than on the total nitrogen 
ingested; but it must also be apparent that any condition which 
increases the fecal nitrogen output, as for example, ingestion of 
abundant roughage, would increase the total nitrogen losses to 
the animal. In fact with omnivora, as swine, consuming abun- 
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dant roughage, the loss of fecal nitrogen is so large that unless ' 
<pecial provision is made for the intake of a high plane of efficient " 
protein concentrates the protein ingested cannot meet the growth } 


onpulse and rapid gains in weight will be impossible. 


SOURCE OF PROTEIN 


AWIMAL 1 | ANIMAL I | ANIMAL ID 


GLUTEN OL AJAX COTTON GLUTEN OL AJAX COTTON GLUTEN COTTON 
FEED MEAL SEEO MEAL SEED MEAL FEED SEED 4 
MEAL MEAL 


PER CENT OF 
EFFICIENCY 


1 
CnHarr 4. Showing the comparative efficiency for milk production of 
the different protein mixtures. The chart shows that there was a general 
agreement among the different individuals, but « ditferenee in the effect 
i of the mixtures. | 
| SOURCE OF PROTEIN | 
SAME ANIMAL WOT | 
Sz 1916 CLOVER + 1917 ALFALFA + 
SG GLUTEN AJAX” COTTON GLUTEN “AJAX COTTON 
FEED MEAL SEED FEED MEAL SEED 
ss meal 
i 
| 
| 


ae 


(‘Hart d. This chart illustrates the close agreement in the efficiency of 
i protein utilization by the same individual in 2 sueceeding vears. The 
rations differed only that in 1916 clover was used while in 1917 alfalfa was 


used, 
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In Table VII and Chart 4 comparisons of the different protein 
mixtures by individuals are presented. Chart 5 is added, com- 
paring the utilization of protein mixtures by the same individual 
in two different years. In this latter case there was a fairly 
close agreement between the protein utilizations, with the ex- 
ception of the cottonseed meal period and alfalfa hay compared 
with the same concentrate and clover hay. The former mixture 
was less efficient than the latter. 


TABLE VIL. 


Relative Efficiency for Milk Production of Protein Mirtures Involving Alfalfa 
Hay. Gluten Feed, Distillers’ Grains, Oil Meal, and Cottonseed Meal. 


in milk 
N ab- tissue 
Animal. Date. | Ration. t tissue Effi 


sorbed. formed ciency. 
| orde- | 
_stroyed. 
| | gm. | gm. per cent 
1 Dee. 11-Jan. 7 | Gluten feed. 2579 | 1.032 40 
Jan. S& Feb. 4 Oil meal. 29721 1,082 40 
Feb. 5-Mar. 4 | Distillers’ grain. 2,339 1,203 51 
Mar. 25 °#£Cottonseed meal. 1,590 559 35 
| 


2 | Dee. 4Dee. 31 Gluten feed. 
Jan. I-Jan. 28 Oil meal. 
29-Feb. 25 Distillers’ grain. | 2,688) 1,424 53 


~ 
= 
| 

t 


Feb. 26-Mar. 25 | Cottonseed meal. | 2,482 | 1,045; 42 
| | | | | 
3 | Dec. 4Dec. 31 Oil meal. 2 S61 | 1,149, 39 
| Jan. I-Jan. 28 | Gluten feed. | 2,981 | 1,281 | 3 
|  20-Feb. 25 Distillers’ grain. | 2,566) 1,280) 50 
| Feb. 26-Mar. 25 | Cottonseed meal. | 2,297 651, 28 


SUMMARY. 


Data are presented on the comparative value for milk produe- 
tion of protein mixtures involving alfalfa hay and gluten feed, oil 
meal, distillers’ grains, or cottonseed meal. 

The concentrates furnished approximately 37 per cent of the 
digestible proteins of the ration and were used to supplement a 
basal ration of corn-meal, corn silage, and alfalfa hay. The total 
protein intake constituted about 10 per cent of the dry matter of 
the ration and the nutritive ratio was approximately 1:8.4. On 
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this low protein intake and with fairly liberal milk secretion nega- 
tive nitrogen balances were maintained during the entire period 
of observation (16 weeks) with a slow shrinkage in milk volume, 
but with a striking maintenance of the percentage composition of 
the milk. 

Earlier records showed the inferiority for milk production of 
the proteins of gluten feed to those of oil meal or distillers’ grains 
as a supplement to the proteins of corn stover—corn-meal. Later 
records showed an equality in efficiency between the proteins of 
the gluten feed, oil meal, distillers’ grains, and cottonseed meal as 
supplements to the proteins of corn-meal and clover hay for milk 
production; these records show an approximate equality and eff- 
cieney of the proteins of gluten feed and oil meal as supplements 
to the proteins of corn-meal and alfalfa hay, an increased supple- 
menting effect for distillers’ grains, and an inferior efficiency for 
cottonseed meal. 

That the proteins of distillers’ grains were more effective than 
those of gluten feed is due very probably to the fact that the for- 
mer contains the embryo proteins. - In view of the fact that for 
the present distillers’ grains are not obtainable, these results sug- 
gest the possibility of making an equally efficient protein mixture 
by adding 10 to 15 per cent of germ oil meal to gluten feed. 

These results again emphasize the limitations of any classi- 
fication of natural foods in respect to the efficiency of their pro- 
teins based on the determination of such nutritive worth in a 
single food material or a single food mixture. 
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A METHOD FOR THE SEPARATION AND QUANTI- 
TATIVE DETERMINATION OF THE LOWER 
ALKYLAMINES IN THE PRESENCE 
OF AMMONIA.* 


By F. C. WEBER anp J. B. WILSON. 


From thie niemal Physiological (‘hemical Laboratory, Bureau of Chemistry, 
(nited States Department of Agriculture, Washington. ) 


(Received for publication, June 1918.) 


It is well recognized that the amines, as well as ammonia, are 
products of protein decomposition. Allen! quotes several authors 
who report finding one or more of the alkvlamines in decomposed 
protein products. Thus Bockliseh® frequently found methylamine 
in spoiled fish. He suggests that it is formed in such material by 
the loss of carbon dioxide from glycine and also from trimethyl- 
amine.  Dimethvlamine was found in herring brine by Bocklisech, 
in putrid gelatin and veast by Brieger, and im poisonous sausage 
by Ehrenberg. In the bacterial cultures from this sausage 
reports finding diethvlamine. 

Allen also states that ethvlamune has been obtaimed from putrid 
veast and flour, and that trimethvlamine is a common putre- 
factive product found in herring brine and in extract of ergot. 

It is known that various tormes of amines occur in the tissues of 
fish. In the preparation of salt-cured fish, mines are extracted 
or formed trom the fish proteins, herring brine, for example, fur- 
nishing a commercial source for trimethvlamine. 

In the determination of ammonia in biological fluids and im food 
products by Nesslerizing’ the volatilized base, obtained by aera- 


“Published with the permission of the Secretary of Agriculture. 

' Allen, A. H., Commercial organte analysis, Philadelphia, 4th edition, 
1913, vil, 345, 352. 

Bockliseh, O., Ber. chem. Ges.. S85, xvin, 1022. 

Khrenberg, A., Z. physiol. Chem., xi, 239. 

4 Folin, O., and Maeallum, A. B.. J. Biol. Chem., 1912, xi, 525. 
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tion of the sample, erroneous results may be obtained if the volatile 
alkaline material is composed, in part, of alkylamines. 

The determination of the total volatile alkaline material when 
both ammonia and alkyvlamines are present can be effected by 
titration, using dilute standardized solutions. This procedure 
does not distinguish between the different bases which may be 
present, the results being calculated as ammonia. 

In case of fish products the ammonia determination, by titration 
of the volatilized alkaline material, vields results including both 
ammoma and amines. The determination of ammonia by the 


TABLE I. 
Determination of Ammonia in Fish by the Nesslerization and Titration 
Methods. 
“Ammonia’’ nitrogen 
per 100 gm. 
(moisture fat-free basis). 
Nessler- | 
| Titration. 
| mg. | mg. 
Fish before eanning. In salt 4 hrs pe eee | 73.6* 
sé ae oe 52.9% 61 _4* 
Canned fresh fish. No salt or pickle |. =107.8 147.6 
r. fish 24 hrs. old. No salt or pickle 121.7 | 189.6 
fresh fish, same as above, after standing 7 mos 108.7 210.2 


fish 24 hrs. old, same as above, e: Fa 1190.6 227 . 


* Also on salt-free basis. 


Nesslerizing method in the total volatile alkaline material is in- 
accurate because of the presence of amines. 

In the investigations conducted in the Maine sardine industry, 
by this laboratory, a number of determinations of ‘‘ammonia”’ 
by both the Nesslerization and titration methods were made on 
samples of canned sardines. In some instances the quantity of 
“ammonia” found where both methods of analysis were applied 
agreed quite closely, but in the majority of cases there was a very 
wide variation in the amounts determined by the two methods. A 
few of the determinations, tvpical of this discrepancy, are given in 
Table I. 

The need of a method for the separation of ammonia and amines 
arose in connection with the analytical work in this investigation 
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and in the analyses made on other fish products. It was also de- 
sirable in connection with this work to find a method by which the 
three classes of amines, the primary, secondary, and tertiary 
forms, might be separated from one another and their quantity 
accurately determined. 

A number of methods were found in the current literature which 
were especially designed to purify each of the amines by the separa- 
tion of the one from the other and from ammonia. Methods of 
this general type were not suited to the exact determination of 
these compounds. In most of those cases where the method of 
separation was exact, or where it was believed to be upon a good 
basis or capable of refinement to render it accurate, such a large 
quantity of material (amines) was required as to make a method 
which might be developed impractical for use where small quanti- 
ties of ammonia and amines were to be determined. 


EXPERIMENTAL. 


A few methods were found in the rather copious literature bear- 
ing upon the separation and determination of the amines, which it 
was thought should be investigated in order to test their accuracy 
and to determine whether they would meet the requirement sought; 
namely, a complete separation and accurate quantitative deter- 
mination of small quantities of ammonia and amines. 

The amine solutions employed in these experiments were all 
prepared from Kahlbaum’s reagents; both the 33 per cent solu- 
tions and the salts of the different amines as the hydrochlorides 
were used... The ammonia used was the ordinary “ammonium 
hvdroxide’’ reagent of Baker and Adamson. Solutions of O.1 N 
and 0.05 “ strength were prepared from the above reagents for use 
in the experiments. 


Separation of Total Amines from Ammonia. 


In this study of the available methods that of Budai® was first 
tried. The separation of the ammomia is dependent, im this 


Their purity was tested forus by Dr. T. Wherry, Crvystallographer 
of the Bureau of Chemistry, and found to be more than 90 per cent pure. 

Additional evidence of their purity is shown by the close agreement of 
results obtained by direct titration and after separation by the method 
proposed, 

Budai (Bauer), Z. physcol. Chem., 1913, Ixxxvi, 107, 121. 
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method, upon the formation of aldehyde-ammonia, using a neutral 
(to phenolphthalein) solution of formaldehyde for this purpose. 

The method as it was applied to known solutions follows. The 
solution containing the total volatile base, ammonia and amines, 
was made neutral to methyl red with a dilute solution of potassium 
hydroxide. 10 cc. of 30 per cent formaldehyde solution, made 
neutral to phenolphthalein, were then added, and the mixture was 
allowed to stand for a few minutes. The solution was then ti- 
trated to a permanent pink color of phenolphthalein with 0.05 N 
potassium hydroxide. The exact amount of ammonia present 
was determined by the results of this titration. If it is desired, 
the solution may now be acidified with hydrochloric acid, concen- 
trated by boiling to one-third its volume, and distilled by diluting 
tc 200 ec. and making alkaline with 10 per cent sodium hydroxide. 
The distillate contains the total volatile base which may now be 
determined by direct titration, or, if already known, the titration 
may be made as a check on that determination. 

The results obtained, by this method, using ammonia and amine 
solution of known strength and mixtures of these solutions, are 
given in Table II. 

It was found that the Budai method gave accurate results for 
the separation of ammonia and trimethylamine, but failed when 
mono- or diamine was added. 

A method proposed by Quantin? was then tried. This method 
is based upon the fact that in alkaline solution ammonia will 
precipitate magnesium and phosphoric acid as magnesium 
ammonium phosphate whereas the amines present do not form 
a precipitate. 

It was found that if the precipitated magnesium ammonium 
phosphate was dissolved in hydrochloric acid, treated with strong 
‘austic soda and distilled, the ammonia was recovered completely. 
Portions of pure magnesium ammonium phosphate, prepared in the 
laboratory, were weighed, dissolved in hydrochloric acid, made 
alkaline with sodium hydroxide, and distilled into 0.05 N sulfurie 
acid. The results obtained on the pure salt with this method of 
treatment are shown in the following statement. 


7 Quantin, H., Ann. chim. anal. appl., 1901, vi, 125. 
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Weight of salt, 0.4000 0.3500 0.2000 0.3000 
Nitrogen recovered, 
0.02282 0.01981 0.01138 0.01705 
Nitrogen recovered, 
OF 5. 660 5.688 5.682 
Average recovered, pe 
TABLE IL. 
Results Obtained by the Use of Formaldehyde for the Separation of Ammonia 
and Amines (Budai’s Method). 


Amine Ammonis (0 05 ~) 
| (0.05 Present Found. 

Ammonia... 25 $7 25 47 

20.00 20.04 

27.75 27.82 

24.11 

Trimethylamine................. 1.30 

Methyvlamine and ammonia. 10.04 15.12 23.18 

25.89 

16.42 S.79 23.38 

24.12 

Dimethylamine and ammonin | 16.83 8.42 15.97 

Trimethyvlamine and ammonia 19.04. 5.00 5.48 

3.80 20.00 19 92 

” 3.79 20.15 19 

15.96 12.20 12.63 

+6 9 42 15.00 15.19 

Dimethylamine and 10.08 S06 2) 44 


The theoretical amount of nitrogen in magnesium ammonium 
phosphate is 5.701 per cent, therefore 99.70 per cent of the total 
was recovered. In order to test the application of this reaction 
to the separation of ammonia and amines solutions of pure mag- 
nesium sulfate and sodium acid phosphate were prepared of such 
strength that when mixed in equal volumes 1 ce. was equivalent 
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to 1 ce. of 0.05 N ammonia. These two solutions contained 12.04 
gm. of MgSO s.7H2O per liter, and 35.84 gm. of NasHPO,.12 
H.O per liter. 

The ammonia or amine solution was neutralized with 0.05 Nn 
sulfuric acid, 10 ce. of each of the above solutions were added, and 
after thorough shaking the mixture was allowed to stand for 
a short period of time. It was then filtered, the precipitate con- 
taining the ammonia, as magnesium ammonium phosphate, was 
transferred to a distilling flask and dissolved in a few ce. of hydro- 
chlonie acid. The solution was then diluted to 200 ce., made alka- 
line by the addition of 10 ec. of 10 per cent sodium hydroxide, and 
distilled into 0.05 N sulfurie acid. The results obtained follow. 


Recovered as 


Present. U.05N ammonia. 

Ge. 

Ammonia equivalent to 19.85 ce. 0.05 9.00) 

Monoamine O.05% 

Diamine 


The next determinations were made in the same way except that 
25 ce. of the precipitating solutions were used and the solutions 
before precipitation were made alkaline with potassium hydroxide, 
monomethylamine, and caustic soda, in amounts indicated in 
Table TI], which gives the results obtained by this variation in 
the procedure. 

These data show that the separation of the amines from ammonia 
is not complete under the conditions enumerated. — In the original 
method Quantin uses monomethvlamine to make the solution 
alkaline for the precipitation of magnesium ammonium phos- 
phate. This is objectionable because in our work it was de- 
sired to determine monomethylamimne. With the small amount 
of alkaline volatile material which is likely to be found in ordi- 
nary food or biological products it is undesirable to make this 
determination on a separate quantity. In one of the above ex- 
periments, when ammonia and monomethyviamine were treated 
in the presence of potassium hydroxide, about 95 per cent of the 
ammonia was found in the precipitate and all of the monoamine 
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in the filtrate, but in another experiment in which monomethyla- 
mine was added in large excess to make the solution alkaline a 
large amount of it was found with the ammonia in the precipitate. 

The method of Erdmann’ which had previously been emploved 
in routine work for this separation was next thoroughly investi- 
gated. This method depends upon the Frangois* reaction in 
which the ammonia is absorbed by vellow mereurie oxide, whereas 
the amines are not so absorbed. It was found that the fineness 


TABLE IIL. 


Precipitation as Magnesium Ammonium Phosphate. 


Recovered. 


Made alkaline with npreeip:- 


Present, equivalent to 005 ~. 
Ammonia tated 
(O05 N). (armine) 
(O05 
cr cc. cc. 
Ammonia......... 19-80) 2 ee. 0.05 ~ KOH 17.40 0.0% 
19.75 0.05 KOH 11.80 S00 
Diamine. ....... 19.60 KOH 1.45 1S. 00 
Ammonia... .. 19.60 20 0.05 KOH 17.20 
0.05 “ KOH S60 


10.00 10% 10 per cent NaOH 0.05 


of the particles of the oxide have a marked influence on the aceuracy 
of the separation. Yellow oxide of mereury which was in a very 
fine and amorphous state gave the best results. Merck’s vellow 
oxide of mercury, labeled ‘‘Reagent-mercury oxide vellow Merck- 
mercuric,’ was used throughout these experiments and proved very 
satisfactory. The method emploved was the following. 


Erdmann, CC. C., J. Biol. Chem., 1910, viti, 41. 
’ Francois, M., J. pharm. et chim., 197, xxv. 517; Compt. rend. Acad., 


1007, exliv, S857. 
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Separation of Ammonia and Amines by Use of Yellow Oxide of 
Mercury. 


The solution, containing nitrogen as ammonia and amines 
(organic base) equivalent to 20 to 30 ec. of O.1 N acid (the titerof the 
solution being previously determined), was diluted nearly to the 
mark ina 500 ce, graduated flask. 10 ee. of a solution containing 


TABLE IV. 
Ae ults if of llow Oxide of Me reUry for Ne paration of A Mi- 


monia and Amines (Erdmann’s Method). 


Present as O05 ~. Found as 

Solution mixtures. N 

Ammonia Amines. 

PO. 45 0.35 
21.52 O41 
Methylamine 19.73 19.60 
Direthyvlamine 2048 IS.77 
Trimethylamine 19.40 IS.O7 
20.04 20.71 
Methyvlamine and ammonia 12.00 7.08 
Dimethyvlamine 12.66 7.86 7.47 
Trimethyviamine 15.23 15.04 
16.00 3.04 3.42 

16.12 3 08 3.40 

76 11.17 11.23 

12.00 709 

15086 5.39 5S 

19.20 0.07 1.30 

7.97 
Methvlamine, dimethvlamine, and ammonia. 6.45 06 14S] 


equal parts of 20 per cent sodium hydroxide and 30 per cent sodium 
carbonate were then added. The solution was made up to the 
mark with water. An amount of vellow mercuric oxide reagent, 
determined by taking 0.1 gm. for each ce. of 0.1 N acid, to which the 
solution in the flask is equivalent, was now added. The flask was 
tightly corked, wrapped in a black cloth, because light is said to 
vitiate the results, and shaken for 1 hour. After standing over 
night to allow the mercurie oxide and the precipitate formed to 
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settle, the liquid was separated from the precipitate and excess 
of oxide by foreing the solution through a cotton filter by means of 
a moderate air pressure. 200 or 250 ec. were distilled into a 
measured amount of standardized acid, and the excess was ti- 
trated with 0.05 ~ potassium or sodium hydroxide. 


TABLE V. 


sults ree Tre atricnt of A mine Nolutions thee Krdman ri Vethod 
(lose of Yellow Oxide of Mercuri). 


S00 cc. solution contained as 0.05 ~, In fraction distilled as 0.05 ~ 
Monoamine Diamine. Trinmine Total amines Present. Found 
ct ee. ef. cc 
ST S7 20.75 PO 
51.87 51.87 20.75 2050 
51.50 | §1.50 2 60 | 2060 
51.50 51.50 2) 60 | 20 60 
42.90 42.00 17.18 | 17.23 
| | 46.75 | 46.75 IS. 70 IS.55 
20.75 | 10.52 19. 40 
_ | @.2 28.05 | 48.75 | 19.50 19.25 
0.75 | 9.35 50.80 20 32 20 60 
10.40 | 10.35 | 28.05 | 48.80 19.52 10.50 
18.49 | 56.49 | 22.59 22.22 
92.75 


The results obtained by this method when applied to mixtures 
of ammonia and the different amines are given in Tables 1V and V. 

As additional! evidence that this reaction was complete, certain 
samples, containing no monoamine, were run in the Van Slyke 
amino-acid apparatus to find traces of ammonia. Table VI shows 
that no ammonia within the limits of error was present in solutions 
after the treatment with oxide of mercury. 
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Ammonia Nitrogen Found in Distillates from Mercurie Oxide Treatment. 


Alkylamines 


TABLE VI. 


Volume of gas as nitrogen. 


Determination. Blank. Ammonia. 
cc. cc. ce. 
1.04 1.06 —(0.02 
1.10 0.04 
1.09 1.08 0.01 
1.10 0.02 
1.10 1.08 0.02 
1.06 —0.02 
1.08 1.08 0.00 
1.14 0.06 
1.14 1.12 0.02 
1.11 1.10 0.01 
1.11 1.10 0.00 
1.10 1.10 0.00 
1.12 0.02 
1.08 1.10 —0.02 
1.08 —0.02 
1.03 1.04 —0.01 
1.12 1.04* 0.08 
1.04 1.04 0.00 
1.04 0.00 
1.02 1.04 | —0.02 
1.16 1.04* 0.12 


| 


* At a temperature 3° higher than the blank. 


Separation and Determination of Primary, Secondary, and Tertiary 
Amines. 


A number of methods have been suggested for the separation and 
determination of the three classes of amines, but most of them are 
unsatisfactory because they were originally designed for the puri- 
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fication of one amine by the elimination of the other two, ratherthan 
for the separation of these compounds in such a manner as to lead 
to the quantitative determination. Several of the promising 
methods found in the literature were investigated to determine 
their applicability and accuracy. 

According to Bertheaume’® the solubilities of the chloroplatinates 
of dimethylamine and trimethylamine in alcohol of various 


strengths are as follows: 


At 0°, 100 gm. dissolve. 
Alcohol, per cent............ 100 9) 80 70 60 


Diamine, chloroplatinate, gm... 0.0048 0.110 0.325. 0.558 0.996 
Triamine, chloroplatinate, gm... 0.0036 0.070 0.243 0.391 0.766 


According to Seidell," the solubility of ammonium chloroplati- 
nate in water is 0.666 per 100 parts at 10° C., and 1.25 at 100°C. 
At 15°C. the solubility in alcohol of various strengths is: 


95 


Aleohol, per 76 
0.0037 parts per 100 


Ammonium chloroplatinate...... 0.150 0.067 


These differences in solubility are not sufficiently marked to 
base an accurate method of separation upon them. <A series of 
experiments were made, based upon the solubility of the platinum 
salts in aleohol. This proved to be unsatisfactory as a means of 
separation. A method for the determination of amines suggested 
by Bertheaume” was not tried because of the small amount of 
volatile alkaline material usually found in determinations made 
upon food products. This method depends upon the separation 
of the hydrochlorides of ammonia and monomethylamine from 
those of di- and trimethylamine, by the solution of the latter in 
chloroform. In this solvent the former compounds are insoluble. 
Ammonia is then separated from monomethylamine by the Fran- 
cois reaction.? Trimethylamine ts precipitated from the dissolved 
residue from the chloroform solution as the periodide. The 
periodides are soluble in solutions of sodium chloride, potassium 
chloride, and magnesium sulfate as follows: Diamine periodide 


10 Bertheaume, J., Compt. rend. Acad., 1910, cl, 1063. 
1! Seidell, A., Solubilities of inorganic and organic substances, New 


York, 1907. 
2 Bertheaume, Compt. rend. Acad., 1910, el, 1251. 


4 
é 
» 
vf 
A 
4 
. 
| 
| 
é 
4 
t 
¥ 
j 
? 
; 
| 
| 
| 
| 
& 


396 Alkvlamines 


gives no precipitate when present in the dilution of 1:1,000; tri- 
amine periodide gives a precipitate at the dilution of 1:100,000. 

The method of Muller™ and that of Bresler™ as well as that of 
Quantin? are Inaccurate as they depend upon the different solu- 
bilities of the chloroplatinates of the amines in alcohol, 

Seiler and Verda” recommend the use of phosphomolybdie acid 
for the precipitation of substances containing an amino group. In 
different classes of amino nitrogen compounds different colored 
precipitates result which may be reduced, resulting in another 
color. These colors are characteristic. The following results 
were obtained ina series of experiments based upon this method. 

A solution of phosphomolyvbdic acid was prepared by dissolving 
15 gm.in 200 ce. of waterand4ec. of concentrated nitric acid. This 
solution was filtered and in each determination 10 ce. were used. 
To the solution of the amine in about 50 ce. of water, heated to 
SO°C., 10 ce. of the phosphomolybdie acid solution were added, 
and the mixture was shaken for a few minutes. As the solution 
cooled, a vellow precipitate began to settle out. ‘The precipitation 
occurred first in the solution contaiming triamuine, later in that con- 
taining diamine. No precipitate formed in the ease of ammonia 
or monomethylamine, even after the solution remained at room 
temperature for some time (Table VID). 

The results obtained by this procedure show that ammonia and 
monoamine do not precipitate, under the conditions, as the phos- 
phomolybdates. The di- and triamines are precipitated but not 
quantitatively. 

Delépine’® proposed a method for the separation of the methyl- 
amines, which depends upon the difference in the boiling points 
of the condensation products of the primary and secondary amines 
with formaldehyde. The tertiary amines remain unchanged. No 
experiments were made with this method to determine whether 
or not it could be made quantitative when applied to small 
quantities of the amines. 

In all of the methods that were tried, none was found that com- 
bined accuracy and adaptability to the small quantities of amines 


13 Muller, M. A., Buil. Soe. chim., 1884, xl, 202. 

‘4 Bresler, M., Deutsch. Zuckerind., 1900, xxv, 1593. 

18 Seiler, F., and Verda, A., Chem. Ztng., 1903, xxvii, 1121. 
16 Delépine, M., Compt. rend. Acad., 1896, exxii, 1064. 
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that were known to be present in the total volatile alkaline material 
obtained in the aeration method for ammonia in certain food 
products. It was thought that the reactions of the amines with 
nitrous acid night prove valuable as the basis of a method for the 
separation and determination of the amines. These reactions 
were next studied. 

In order to purify trimethylamine from dimethvlamine Heintz? 
used nitrous acid. Under the proper conditions the diamine com- 


TABLE VIL. 


Precipitation as Phosphomolybdates. 


Nitrogen 
Weight 


Material 
precipitate 


Present Found 

mag. mg 

Ammonis 14.0 O00 0 

Monoamine 14.5 0.00 
Dinmine S47 5240 
31 4550 
‘Triamine. 11.5S 12.26 0.5865 
12.9S 
11.65 0.5579 
15.02 11.84 0. 5663 
11.08 0.5303 
11.33 0.5423 


bines with nitrous acid to form nitrosoamine.  Itis known also that 
monoamine resets with nitrous acid with the liberation of nitrogen. 
The reactions of the amines and ammofila with nitrous acid are as 
follows: 

NH; + NOOH = 2H.0 + N, 

RNH. + NOOH = ROH + H.O + N, 

RR'NH + NOOH = RR’NNO + 

RR/RUN + NOOH = 


’ Heintz, W., Ann. Chem., 1866, exxxvill, 319. 
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By means of nascent hydrogen obtained by the action of zine 
e and hydrochloric acid, the diaminenitrosoamine, obtained from the 
ie | action of nitrous acid and diamine, can be reduced to diamine. 


2 RR'NNO + 4H = 2RR’NH + 4+ 


The Van Slyke amino-acid apparatus was first considered in con- 
e nection with the determination of the nitrogen evolved from am- 
monia and monoamine. In the experiments made with this re- 
a action in this apparatus it was found desirable to modify slightly 
the micro-apparatus employed in the method of Van Slyke.!* The 
mixing bulb of the larger apparatus and the measuring burette of 
the miecro-apparatus were combined in order to secure the greater 
accuracy of reading with the latter, and the larger size of sample 


3 . 

ae permitted by the use of the former. 

ie The time necessary for the complete evolution of nitrogen from 


the monoamine was first determined. A few experiments were 
also made to ascertain whether the di- and triamines would vield 
nitrogen at the same intervals of time during which the reaction 
with nitrous acid was allowed to progress. The time necessary 
for the complete reaction of ammonia in the Van Slyke apparatus 
was also determined. The results are given in Table VIII. 

These results show that monoamine is completely decomposed 
and all of the nitrogen evolved is collected when the reaction 1s 
allowed to progress for 10 and 15 minutes. 5 minutes for shaking 


the apparatus appeared to be ample time to free and eollect all of 
the nitrogen gas. 380 minutes is indicated as the time necessary 


for the reaction to continue to decompose the ammonia quantita- 
tively. In the few determinations made in this experiment, no 
nitrogen was obtained when solutions of the di- and triamine were 
treated in the deaminizing bulb of the apparatus. 
Inordertobesatisfied that no nitrogen wasobtained in the case of 
the two higher amines and that the evolution of nitrogen was com- 
plete in the case of monoamine and ammonia, determinations were 
made on a number of samples of ammonia, monomethyvlamine, 
dimethyvlamine, trimethvlamine, ethvlamine, and diethyvlamuine. 
The reactions, in all cases, were allowed to continue for 30 minutes 


and the apparatus was then shaken for 5 minutes. The results 
are given in Table IX. 


iS Van Slyke, D. D., J. Brol. Chem., 1913-14, xvi, 121. 
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These results show that within the limits of error there is no 
nitrogen evolved in the case of the di- and triamines, and that in 
the case of monoamine and ammonia all of the nitrogen is found in 
the gas collected from the reaction with nitrous acid in the Van 
SIvke apparatus. 

The experimental work on the separation of ammonia from the 
amines, by means of the Francois reaction, demonstrated that this 
separation could be accurately effected. Therefore, ammonia as 
a disturbing factor in the determination of monoamines could be 


FABLE VIII 
De termination of Re quired for Comple Reaction of id, 


Mono-, Di-, and Triamine in the Van Slyke Amino-Acid Apparatus 


Ammonia Vonoamiune Diamine Triamine 
Stand- shaken 
Pres- 
Found Present. kound Present. Found Present. Found 
em? 
rig rig mig. rig rig 
10) 5 3.36 85 14 3] 14.20 14 i) 14.00 
14.3 
LD 3:30 Of 14.5] 14. 32 14.00 10 14 
30 5 3 26 14.00) Ooo 14 00 
eliminated trom consideration } amine fraction. ‘The nitro- 
troy nsideration in th mune tractior Phe mitt 


een evolved from the reaction with nitrous acid and monomethyv!- 


amine in the amine fraction consequently could be determuned in 
the Van Slvke apparatus designed for the estimation of the al 
phatie amino-acids, 

Table XN contams the results of determinations of different 
quantities of monoamine made when both di- and triamine were 
present im various proportions in the deamunizing bulb of the 


amino-acid apparatus. In this table the quantities of di- and 
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TABLE IX. 
Results Obtained with the Van Slyke Apparatus 
Nitrogen 
Present 


mg 
Ammonia...... 3.09 


O06 


Methylamine...... 3.55 
2.90 


Ethylamine....... 4.82 


1. 46 


* By titration 


bound 
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Diethvlamuine 
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are expressed imi ot et. of solutions, the 
ot present ana found iS stated as mez. 


These results show that quantities ot the Can 


be quite accurately determined inthe presence oft different 


of the other two amines. 
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The reactions between di- and triamines with nitrous acid were 
next Investigated, These two amines were brought Into contact 
with nitrous acid which was generated from a saturated sodium 
nitrite solution and glacial acetic acid. Tt was found that known 
quantities of the triamimes which had been acted upon by mitrous 
acid could be quantitatively recovered by distilling into standard- 


TABLE X. 


» 
2.4 
i | tt 
i 


ized aeid, after removal of the nitrous oxide and making the 
solution alkaline. The diamine nitrosoamine, it was also found, 
eould be distilled without decomposing. It came over im the dis- 
tillate with the triamine and could be quantitatively determined by 
reduction with nascent hydrogen and again distillingas diamine 


standardized acid. The following experiments were made with 
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the di- and triamines to determine their deportment under the 
conditions as outlined. 

The solution of the amines was added to 20 ce. of saturated 
sodium nitrite solution in a 200 ce. Eerlenmever flask. LO ce. of 
glacial acetic acid were then added. The flask was allowed to 
stand for to hour, during which it was occasionally shake 
\fter standing, the flask was vigorously shaken for 5 to munutes 
to expel as much of the oxides of nitrogen as possible. The soli 
tion Was then nearly neutralized with sodium hwdroxide, and after 
standing anexcess of caustic Was added and the solu 
tion distilled into O.05 ~ sulfurie acid. The triamine was deter- 
mained im this distillate, which also contained the diamine in 
form of nitrosonmine, 

The diamine was recovered in the distillate by reducing the di- 
amine ritrosoamine with nascent hvdrogen. The distillate was 
made distinethy acid with 10 ce. of concentrated hydrochloric acid 
anda few gm. of granulated zine were added. After boiling a few 
minutes, the solution was decanted from the remaining zine. made 
alkaline with caustic soda, and the diamine distilled into stancdard- 
ized acid, | 

A large number of experiments were made im order to obtain 
The proper conditions regarding strengths of solutions used. and 
the time the different reactions should be allowed to proceed 
That the basie principles of the method proposed were correct is 
seen by the results obtained in Table XI. The different amines 
asted therein were subjected to the treatment outlined above. 
The distillates were titrated each time for the respective amines 
with the results as shown in Table NI, 

rom the results obtained in this series of experiments It Is Seen 
that after treatment with nitrous acid triamine can be quantita- 
tively distilled. The diamine ean be recovered by reducing the 
nitrosoamine formed and distilling, 

In the instances where there was no di- or triamine present or 
when both were absent from the solutions used for analysis, 2 
snail reading was obtained on the burette. This is more apparent 
in the case of the diamine. If the oxides of nitrogen are not com- 
pletely eliminated and should be distilled with the nitrosoamine. 
they are reduced to ammonia in the treatment with nascent hydro- 
gen, giving higher results in the subsequent distillation of the 
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TABLE AL. 
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Based upon the results obtaimed in the preliminary experiments, 
the tollowing procedure, tor the separation of ammonia and amines 
and ther quantitative determination, was outhned. The method 
proposed depends upon the reaction of ammonia with oxide ot 
mercury, in alkaline solution, and upon the reactions of the three 
classes of amines with nitrous acid and the subsequent reduetion 
of the diaminenitrosoamine formed to diamine with nascent hydro- 
gen. The method is appheable to the analwsis of the end-prod- 
ucts of the WKyeldahl digestion as well as to the analysis of the 
volatile alkaline materials obtamed in the aeration method for the 
determination of ammonia in food and biological products. The 


following method was adopted, 


Total Volatile Nitrogen. 


This is usually known as the sum of the titration values com- 
posing the distillates. If it is to be determined, distil the com- 
bined distillates into 0.05 ~ acid and titrate the excess acid with 
0.02.\ alkali, using methyl red as the indicator. 


Total Amines. 


Take a volume of solution which contains an amount of total 
volatile nitrogen equivalent to from 40 to 60 ec. of O.05 N acid. 
Transter to a 500 cc. volumetric flask and fill to within 20 cc. ot 
the mark: add 10 ce. of an alkaline mixture composed of equal 
parts of 20 per cent sodium hydroxide and 30 per cent sodium car- 
bonate. Pall to the mark and add the vellow oxide of mereury 
reagent om. foreach ec. equivalent to the total volatile 
nitrogen). Cover the flask with a black cloth and shake for 1 hour 
Atter standing over night, force the solution through a cotton 
filter by a moderate air pressure. Measure accurately two 200 ce. 
portions and distil into 25 ce of O.05 acid. Titrate the excess of 
acid using methyl red as the indieator. The acid used is equivalent 
to the amines present from which the total amines may be 
valculated, 

Ammonia. The difference between the total volatile nitrogen 
and the total amines is equivalent to the ammonia nitrogen. 

Monoamines.To the combined distillates obtained in the above 
separation of the total amines from ammonia. add ce. of 
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centrated sulfuric acid and evaporate on the steam bath to 30 to 
35 ee. Transfer toa 50 ce. volumetric flask, cool, and make up to 
the mark. Determine monoamine in 10 ce. in the Van Sivke 
amino nitrogen apparatus, using the mixing bulb of the large size 
apparatus and the measuring burette of the micro-apparatus. 
Allow the reaction in the deaminizing bulb to proceed for 30 
minutes and shake the apparatus for 5 minutes. Caleulate to 
percentage of total amines or to mg. of nitrogen as monoamine. 

Triamines.— Transfer the remaining 40 ce. to a 200 cc. Erlen- 
mever flask and rinse the 10 c¢¢. pipette used for measuring the 
monoamine portion into this flask. Add 20 ec. of a saturated 
solution of sodium nitrite and 10 ce. of glacial acetic acid. Cover 
the flask with a small watceh-glass, mix thoroughly, and allow it to 
stand for? tol hour. Shake well to remove as much of the excess 
nitrogen gases as possible. Add a drop of phenolphthaleim indi- 
eator and through a funnel which dips below the surface of the 
quid in the flask, pour 30 ec. of a caustic soda solution made by 
dissolving 20 gem. of stick sodium hydroxide in 100 ce. of water. 
After a few minutes standing, mix carefully, making sure that the 
solution remains acid at all times, and adding a few drops of acetie 
acid if the solution begins to turn red. If all the solutions used are 
measured rather accurately in a graduate, the solution in the flask 
will remaim acid after mixing. Allow the mixture to stand for 
several hours, if convenient over night, as determinations made 
with this length of time for the adjustment of the solution tend 
to be more accurate. Transfer to the distillation flask, add 15 to 
20 eel of the caustic soda solution, and distil into 25 ce. of 0.05 N 
sulfuric acid. ‘Titrate back with 0.02 alkali, using methyl red as 
the madicator. The acid used is equivalent to the triamine. Cal- 
culate to percentage of total amines or to mg. of nitrogen as 
triamune, 

Dianines. The diamines may be determined by difference. 
Or to the distillate obtained above add 10 ec. of concentrated 
hydrochloric acid and a few gm. of granulated zine. As soon as 
a fuir evolution of hydrogen has begun, place over a small flame 
and heat to boiling. Decant the solution from the remaining 
zinc and wash three times with 10 ce. portions of water, rinsing 
out the flask each time. Adda drop of phenolphthalein and about 
10 em. of stick sodium hydroxide and distil into 25 ce. of 0.05 N 
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Titrate back with 0.02 \ alkali, with methyl red 
The acid used is equivalent to the sum of the 
Calculate to per cent of total 


sulfurie acid. 
as the indicator. 
diamine and triamine present. 
amines or to mg. of nitrogen as diamine. 


TABLE 


Analysts of Known Mixtures Containing Ammonia and Amines 


Armonia (0.05 ~). Monoamine (0.05 Diamine (6.05 ~). Triamine (0.05 % 


Present, 


Present, Found Present. Foung. Present. Found. Found 

24 00 24.22 1 3.9] 3.80 Lost. 

24 O00 24. 22 4 PO 3 56 AY 
24 10 

24 00 24.10 4 20 tO] 43.80 3.56 
| 94 99 

2t OO 23.8) | 4.20 4.91 3 3.50 AS 
25.10 

23.90 | 23.87 | 4.20 4.03 1.95 2.03 20.70 20.78 

| 23.87 $03 1 8S OTS 

23.90 23.87 | 4.20 4 30 1.95 03 70 AY TS 

23.87 20.7% 

24.20 23.90 10 Lost. 3.90 Lost 20.70 

O2 we 3.0 20.78 

24.20 2.10 Lost. 3. O0 3.90 70 a4 


In Table NIT the results of a series of analyses are given of 
solutions containing known amounts of ammonia’ and amines by 
the method as previously stated. 

In Table NII] a series of determinations are given to show the 
accuracy of separation on applying the method to solutions of the 
amines when the total quantity present approximates 2 ce. of 
0.05N in strength. The results of duplicate determinations are 
viven, 
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In order to test further the accuracy of the method, unknown 
solutions were prepared and submitted to analysis. The results 
obtaimed are given in Table XIV. 

The method requires experience in the use of the Van Slvke 
aiino-acid apparatus, otherwise its operation is quite simple. 
The pomts in the manipulation of the method, which it is impor- 
fant to bear in mind to secure uniform results, are set forth in the 
summary. 

TABLE 


Separation of Amines When the Total Quantity Present Approxrimates 2 Ce. 
N, 


Vonoamine. Diamine ‘Triamine. Total amines. 
SO: ution 

Present. Found. Present Found. Present. Found. Present. Found. 

mg mid. rig. mig mid, mig. mad mid. 

| OOS 0.0 0.2 0.7 os 1s 

I] O05 0.3 1.4 1.8 
() 0.3 | 4 1.6 

it] oS 0.7 03 0.4 | i.e 1.6 
0.7 0.3 0.6 | 

() 4 0 0 1.6 

\ 01 0.3 Lost. 1.1 1.4 1.4 


I. The eaustic soda solutions were prepared by dissolving 20 
gin. of stick sodium hydroxide in 100 ce. of water. 

2. In shaking with mercuric oxide the flasks must be wrapped 
ina black cloth beeause the precipitate, containing a combina- 
tion of ammoniA and mercuric oxide, becomes black on exposure 
to light, showing decomposition. Several attempts were made to 
find the composition of the precipitate but the salt deeomposed 
<o readily that this was not accomplished. 

3. All the Solutions used in decomposing monoamine and chang- 
ing diamine to nitrosoamine must be measured accurately with a 
graduate in order that the solutions may remain acid when mixed. 
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4. [tf the oxides of nitrogen are distilled over with nitrosoamine 
and triamine they will affect the results in two wavs: (a) the 
triamine will be low on account of the added amount of acid to 
be titrated, (6) in the subsequent treatment with nascent hydro- 
ven, the oxides of mtrogen will be reduced to form ammonia and 
make the determination of diamine higher. The color of the 


TABLE NIV. 


Analysis of Unknown Solutions, 


Nitrogen 
found. 


Present 


(0.05 Found (0.05 ~). 


By J. B. W. 


ce ce my 
Total volatile nitrogen. 30 30.21 
Ammonia nitrogen... 30 9.42 6.59 
Monoamine 1005S 10.12 7 08 
10. 20* 
Total amine“ 40.93 41.33 28 92 
(by difference)...... 40.93 40-88 62 
By F.C. W 
20 57.00 3090 
Linmonia nitrogen | 0.40 45 4.52 
Mononmine 21.15 21.30 14.90 
Dismine 9. 70 OO 
Prinumine 20.70 19 20 13.70 
determined 20 5.50 


Total amine 


hy difference), 


difference. 


methyl red is destroved when the oxides of nitrogen come over in 
the distillation. 

5. To prevent oxides of nitrogen from being carried over in 
the distillation, (a) agitate the solution well to get rid as much 
as possible of the gaseous oxides of nitrogen before adding 30 ce. 
of the caustie soda solution; (b) in transferring to the distillation 
of flask pour the solution down the side of it, to prevent bubbles of 
the gas from forming; (c) allow the solution to stand for a few 
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minutes before adding the second amount of alkali; (d) just before 
making alkaline, blow out the air above the solution. 

6. Prevent loss in distillation by using on the end of the con- 
denser an adapter which has been closed off and has had a number 
of small holes made with a platinum wire in the sides and bottom. 

7. Prevent loss of triamine by adding caustie soda solution 
through a funnel which dips below the surface of the liquid in the 
flask. When added in this manner the heavy soda solution sinks 
to the bottom of the flask and neutralizes the solution from below, 
leaving the exposed surface with an acid reaction. 

8S. Prevent loss of triamine and nitrosoamine by reducing the 
volunre of the solution to as little as possible in the distillation. 
Do not allow sodium nitrite to erystallize out, for the liquid may 
suddenly solidify and under such conditions will decompose at 
once with the formation of alkaline materials. 

9. Tp insure complete distillation of di- and triamines after 
reduction, carry the distillation until only a few ec. of liquid are 
leftinthe flask. At this point there is no danger of decomposition. 

10. Solid caustic soda is used for this distillation to keep down 
the volume of liquid and in order to prevent loss from the hot 
solution by again neutralizing it from below. 
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THE INHIBITION OF FOAMING. 


By CYRUS H. FISKE. 


(From the Biochemical Laboratory of Western Reserve Medical School, 
Cleveland.) 


(Received for publication, May 28, 1918.) 


The troublesome foaming encountered when air is) blown 
through solutions containing proteins, soaps, ete., or when such 
solutions are subjected to low pressures, must be dealt with in 
many analytical and other operations now in use in biochemical 
laboratories. Since the most effeetive agents for preventing this 
foaming (7.e. for accelerating the rupture of the bubbles) are not 
now readily accessible to many who have oecasion to use them, 
an attempt has been made, in this paper, to outline briefly the 
manner of action of such agents, and to determine their essential 
properties. From the information thus obtained, it has been 
possible to find an efficient foam inhibitor, which can be prepared 
with ease from available materials. 

It ean readily be shown that this foaming cannot be adequately 
prevented by an organic liquid which is completely dissolved. 
The presence of undissolved particles of the liquid must therefore 
be regarded as essential.’ Something may be learned of the 
factors involved in the inhibition of foaming from the behavior 
of drops of various liquids upon a clean water surface, a matter 
which has been investigated especially by Hardy 

When a soap bubble comes into contact with a drop of such a 
liquid as isoamyl alcohol, under the proper conditions, a film of 


1 Heneg the importance (e.g. in the urease method) of increasing the 
number of such particles by thoroughly shaking the mixture after adding 
the inhibiting agent, and before starting the air current. 

?Hardy, W. B., Proc. Roy. Soc., Series A, 1912, Ixxxvi, 610; 1913, 
Ixxxvili, 303, 313. See also Poeckels, A., Phusrk. Z., 1916, xvit, 142; ab- 
stracted in Chem, Abst., 1917, xi, 2067. Ravleigh, Phil. Wag., 1918, xxxv, 
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the liquid may be seen beginning to spread over the surface of 
the bubble, and the bubble presently bursts. A region of dimin- 
ished surface tension is produced beyond the visible edge of the 
spreading drop of tsoamyl alcohol. The rupture of the bubble 
may be accounted for by the existence of two forces, Opposite in 
sense, acting upon this region at the periphery of the drop; vvz., 
(1) the tension of the uncontaminated part of the soap film itself, 
directed outwards, and (2) the tension of the double surface? 
acting inwards. The rapidity of rupture must depend upon the 
magnitudes of these two forces, «mong other factors, and should 
be greater, other things being equal, the greater the tension of the 
double surtace, and the greater the decrease in surface tension 
beyond the edge of the drop, which depends not only upon the 
surface activity of the liquid, but also upon its volatility.* ° 

The chief properties which contribute to the effielency of an 
organic liquid as a foam inhibitor may, from the above discussion, 
be enumerated as follows: high surface activity, high surface 
tension, high interfacial tension, low solubility, low volatility. 
The conditions imposed are not so complex as they may at first 
sight appear, since they are to a certain extent dependent upon the 
sume fundamental properties. Solubility. and volatility, for 
example, are, within limits, inversely related to interfacial tension.? 
lurther, among related substances, solubility and surface activity 
are inversely related.> * 

The surface tension data available’: apply, for the most part, 

‘J.e., the tension of the aleohol-air surface, plus that of the interface 
between alcohol and soap solution. 

‘Hardy, Proc. Roy. Soc., Serves A, 1913, Ixxxvin, 315-316. 

» No account has been taken here of the adsorption of colloidal material 
by dispersed particles of the organic liquid, since this is apparently of 
secondary Importance. 

° This statement is true, of course, only within limits: e.g., an appreci- 
able degree of solubility is necessary. 

‘ Harkins, W. D., Brown, F. E., and Davies, E. C. H., J. Am. Chem. 
Soc., 1917, xxxix, 354. Harkins, W. D., Davies, E. C. H., and Clark, G. 

'Traube, J., Ber. chem. Ges., 1884, xvii, 2294; 1909, xlii, 86; Arch. ges. 
Physiol., 1904, ev, 5Al. 

> Worley, R. P., J. Chem. Soc., 1914, cv, 260, 273. 

Tinker, F., Phil. Mag., 1916, xxxui, 295. 
' Langmuir, I., J. Am. Chem. Soc., 1917, xxxix, 1892. 
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only to pure organic liquids and their pure aqueous solutions; 
their use for the present purpose should nevertheless make it 
possible to avoid much unnecessary work in preparing and testing 
out materials. Among those substances for which data exist, 
the above conditions are best met by esters of relatively high 
molecular weight. An efficient foam inhibitor has accordingly 
now been found in isoamvl isovalerate (or a mixture of this sub- 
stance with tsoamy! alcohol). Two methods of preparing this 


reagent are deseribed below. 
Preparation of the Reagent. 


First Method.-To 35 ee. of commercial isovaleric acid add 4 gm. of 
anhydrous caleium chloride. Shake the mixture until it has separated 
into two lavers and most of the caletum chloride has dissolved. The 
greater part of the water is in this way removed. Decant off the upper 
laver, and transfer 28 cc. of this to an Erlenmeyer flask, of about 200 ce. 
‘apacity, containing a few glass beads. Add 30 ce. of isoamyl alcohol, 
and 1 ec. of concentrated sulfurie acid. Connect the flask with a reflux 
condenser, and boil for 1 hour over a wire gauze. Cool, transfer to a 
separatory funnel, and draw off the lower layer. To the upper laver add 
water, and shake the mixture thoroughly with solid sodium carbonate 
until a sample of the aqueous laver, drawn off through the stem, is found 
to be alkaline to phenolphthalein. Separate again, and remove the ex- 
cess alkali by washing with water. After drawing off the final wash 
water (whieh should not be alkaline to phenolphthalein), filter the residual 
liquid. The filtrate is then ready for use. It will, however, keep better 
if dried with calcium chloride and distilled. 

Second Method.—**: Dissolve 50 gm. of potassium dichromate in 200 
ec. of boiling water. Cool under the tap, with constant shaking. The 
bulk of the dichromate will separate out in small erystals. Add 50 ec. of 
isoamyl aleohol. While the mixture is kept constantly agitated under the 
tap, now add 70 ec. of concentrated sulfurie acid at such a rate that the 
temperature of the mixture does not rise above 30°. Let stand at room 
temperature over night. Separate the two layers, transferring the upper 
one to a 500 ce. distilling flask. Add 200 ec. of water, and distill through a 
water-cooled condenser until all of the ester has come over. Neutralize 
the distillate with sodium carbonate, wash with water, ete,, as in the 


first method. 


2 Kopp, H., Ann. Chem., 1855, xeiv, 297. 

'S Pierre, I., and Puchot, E., Compt. rend. Acad., 1869, Ixix, 266: Amn. 
chim. et phus., U871, xxii, 344: Ann. Chem., 1870, cliii, 260; 1872, elxiii, 289. 

14 This second reagent has the disadvantage, for certain purposes, of 
containing some isovaleraldehyde, which can, however, be removed by 
shaking with bisulfite solution. 
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